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THE BREAKDOWN OF HIGH POLYMER 
MOLECULES 

By H. W. MELVILLE, D Sc.. Ph.D . F.R.S. 

Ma»on Profemor of ChemUtry tn the UniverttUy of Birmingham 

Most complex molecules are subject to breakdown if they come 
under the influence of elevated temj^erature, visible, ultra-violet, and 
shorter wave radiations such as X-rays, severe mechanical shock, 
and by the action of specific chemical agents. When the molecular 
weight of the substance is of the order of that usually encountered 
in organic chemistry, it is sometimes difficult to detect the small 
amount of chemical change that occurs under the influence of the 
agents listed above. On the other hand, when the molecule comes 
into the high polymer category, i,e. with molecular weights varying 
say from 10^ to 10®, these effects are very much magnified, because 
the fission of a few linkages is readily detectable by the relatively 
large diminution in molecular weight that accompanies it. For this 
reason alone the study of the degradation of high polymers of known 
structures has a particular interest. However, although the general 
structure of a high polymer may be known, some of the less accessible, 
but nevertheless important, details may be unknown. Accurate 
studies on degradation processes may well provide a means for 
studying such structural irregularities. 

The mechanism of breakdown will depend a great deal on the 
general chemical structure of the polymer. Very broadly, for the 
present discussion, there are two types : (a) those polymers con¬ 
taining ester, amide, etc., links which may be severed by hydrolytic 
agents, and (6) those polymers made of carbon chains or mixed 
groups of atoms which cannot bo broken down except by much more 
drastic chemical treatment capable of breaking relatively strong 
bonds. Both these types are subject to thermal breakdown, usually 
into a complex variety of fragments, and if oxygen is present 
degradation may be accelerated. Similarly in solution both types, 
if they are of sufficiently high molecular weight, can be broken 
cleanly into smaller polymers if the solutions are subjected to a high 
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enough shear. Presumably this is piirely mechanical, in spite of the 
fact that the strength of the bonds broken may amount to as much 
as 70 kcal. for a carbon-carbon bond. Although considerable energy 
may be dissipated in a highly sheared liquid, it is surprising that 
localisation is so marked as to produce bond fission. Similarly the 
high degree of shear created in a liquid by its exposure to ultrasonic 
radiation will bring about bond fission. 

The progressive hydrolysis of cellulose was studied many years 
ago (Hopff, Mark and Meyer, Berichte, 1929, 62,1103). It appeared 
that in the initial stages of the breakdown all the hydrolysable links 
were equally readily attacked, but that as the degradation proceeded 
there was preferential attack at the terminal glucose residues, which 
would result in an abnormally high percentage of glucose being 
produced. Further study, with modem instruments for measuring 
molecular weights, has not proceeded. While it is well known that 
relatively small amounts of water will readily hydrolyse super esters, 
no quantitative work has been done to elucidate the mechanism. 
In a similar way those polymers with carbon atom backbones, such 
as the ethenoid polymers, can readily be degraded in solution by 
radical producing substances such as peroxides. In fact this is a 
very convenient way in which to break down such high polymers to 
any desired molecular weight. The mechanism of breakdown is 
unknown. It may be that the radicals from the peroxide remove 
a hydrogen or other atom from the polymer; the resulting polymer 
radical is then so unstable that it immediately breaks—a radical 
remaining and a stable, though smaller, polymer having simul¬ 
taneously been formed. 

In the thermal breakdown of certain ethenoid polymers, notably 
polymethyl methacrylate, polystyrene, poly-a-methylstyrene, quite 
a different behaviour is exhibited. While the polymer usually 
undergoes a diminution in molecular weight on heating, there are 
evolved simultaneously large amounts of monomer, and sometimes 
dimers and trimers. An additional type of mechanism must there¬ 
fore come into play to produce monomers in quantities far exceeding 
those that would be predicted from any theory involving the fission 
of bonds arbitrarily along the chain. It is useful at this stage to 
examine the consequences of a number of mechanisms that might 
be suggested to explain this result, and thus to see how the experi¬ 
mental evidence can be used to decide between them. In Fig. 1 the 
molecular weight of the polymer is plotted as a function of the 
percentage degradation to monomer. If the pol 3 auer chain were to 
undergo fission at arbitrary points, the molecular weight would fall 
towards that of the monomer before any appreciable amount of 
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monomer was produced by any other mechanism. If, however, for 
some reason degradation consisted in the successive removal of 
monomer units from the end of a pol 3 aner in a series of reactions of 
precisely similar type—a sort of step-wise degradation—^then the 
molecular weight of the residual polymer, it being assumed that the 
monomer is continually removed, would faU proportionately with 
the production of monomer. On the other hand, if fission of the 
poljrmer occurred into radicals and it is assumed, in accordance with 
the known instability of large radicals, that monomer units are easily 
and rapidly removed from the polymer radicals once initial fission 
has occurred, that particular polymer molecule would bo completely 
removed from the system. Since fission is equally likely for all 



molecules, if they are similar structurally, the net result is that the 
number of polymer molecules will decrease but the average size of 
the remainder will not change. Some actual results arc shown in 
Fig. 2 (Grassie and Melville, Proc. Roy. Soc., in press) with poly¬ 
methacrylate. The results do not depend on the temperature at 
which degradation is carried out, but it is usually convenient to work 
between 200° and 260° C. As will be seen from the diagrams, the 
results depend very much on the molecular weight of the polymer. 
At the lowest molecular weights this magnitude remains reasonably 
constant throughout the course of the reaction. This means that 
fission into racUcals occurs and that a chain-type of degradation 
ensues. In fact, this process is similar to polymerisation, except 
that it occurs in the reverse direction. No other mechanism will 
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fit these facts. Going to the other end of the molecular weight scale, 
the points lie on the diagonal of the diagram, which would indi* 
cate a step-wise mechanism. There is, however, another possible 
explanation. If the radical mechanism operates as before, but the 
polymer radicals interact with each other before the radicals are 
eliminated from the system, then the molecular weight of the 
residuad polymer will decrease. This modification in mechanism 
would seem to become more important as the size of the radical is 
increased. Now, the number of poljrmer molecules will thus remain 
constant but they will decrease in size. Pol 3 rmers of intermediate 
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molecular wei^t will give results that lie between these two 
extremes. 

While these results are fairly conclusive, it is necessary to obtain 
independent evidence of the operation of this “ zipper ” or chain-like 
mechanism for the production of monomer. Early in the develop¬ 
ment of the theory of chain reactions one of the strongest experi¬ 
mental pieces of evidence was the specific inhibitory effect of aiwall 
quantities of added substances. Fortunately the same methods may 
be used in this case. The number of inhibitors is severely limited 
but certain anthraquinone dyestuffs, such as 1:4 diamino-anthra- 
quinone and also their leuco compounds, function satisfactorily. 
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Addition of quantities of 1 per cent, by weight practically stop 
production of monomer altogether. Smaller quantities merely 
retard the rate of monomer evolution. With the leuco compounds 
the dyestuffs are simultaneously produced, but this is probably a 
secondary reaction due to the reduction of monomer. Unfor¬ 
tunately the addition of the dyestuff does not give rise to a well- 
defined induction period, and thus it is impossible to compute the 
rate at which bond fission occurs. Nothing is known of the point 
of attack on the anthraquinone molecule, but the number and size 
of the polymer molecules remain constant in presence of sufficient 
dye. Bond fission cannot be affected by such small amounts of dye, 
and hence it must be supposed that the dyestuff becomes attached 
to the radicals, thus stabilising them and preventing rapid 
degradation. 

The next problem is to determine the point at which thermal 
fission of the jjolymer occurs : it might occur at any arbitrary point 
along the chain, at specially weak points or maybe at the end of the 
molecule. The effect of molecular weight on the rate of monomer 
production provides the clue. For a given weight of the same t 3 q)e 
of polymer this initial rate is independent of molecular weight, but 
when the latter exceeds about 500,000 the rate exhibits a distinct 
fall and at 700,000 is about half that for smaller molecular weights. 
This means that fission occurs at the end of the polymer molecule. 
Thus, as the molecular weight increases, the chain-length for the 
degradation increases linearly, but for a given weight of polymer 
the number of terminal groups dejoreasea linearly. The two balance. 
As has already been seen with the larger polymer, the large radicals 
are not completely eliminated, and hence the number of monomer 
units produced per initial act of fission is rather smaller than the 
degree of polymerisation would imply. 

An examination of the energetics of the process is also in general 
agreement with the picture sketched above. By measuring the rate 
of monomer production as a function of temperature and applying 
the usual Arrhenius relationship, the energy of activation is calcu¬ 
lated to be 32 kcal. per mole for the initial stages of the reaction. 
This energy is equal, according to the above hypothesis, to the energy 
required to produce radicals. It is known however that the energy 
required to break a normal carbon-carbon bond is 70 kcal. In 
poljonethyl methacrylate there is known to be a certain amount of 
strain in the polymer because the heat of polymerisation is only 
11 kcal. instead of a more normal value of 17 kcal. Hence the 
weakest bond along the chain might be as low as 65 kcal. On the 
other hand, the splitting of a small radical from the end of the 
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polymer may be accomplished more readily if the small radical is of 
an appropriate structure. Another check may be made about 
energetics. The criterion for a chain reaction is that the energy 
needed for the first step should be much larger than that for the 
propagation step—in this case the elimination of a monomer unit 
from the polymer radical. This latter value can be calculated in the 
following fashion. It is the sum of the heat of polymerisation 
(11 kcal.) plus the energy of activation for the addition of a monomer 
molecule to a polymer radical. By separate experiments this is 
estimated to be about 5 kcal. Thus the reverse process will have an 
activation energy of 16 kcal., a figure considerably lower than the 
figure of 32 kcal. Even with the high molecular weight polymer the 
overall figure is also 32 kcal. This is to some extent fortuitous. 
In this case the rate of evolution of monomer is not determined by 
the product of the rate of initial fission and the degree of polymerisa¬ 
tion of the resulting radical. The number of monomer units 
eliminated will be determined by the relative velocities of the 
elimination of a monomer unit and of the interaction of polymer 
radicals. Without going into details, it can be shown that the energy 
of activation of this process should bo that for monomer elimination 
—16 kcal.—^plus half that for initial bond fission—32 kcal. The 
total is thus 32 kcal. In a way this is unfortimate for it prevents 
a direct experimental determination of the energy needed to 
eliminate a monomer from the radical. 

With most methacrylate polymers the rate of evolution of 
monomer falls off very rapidly—^far more rapidly than would be 
expected from the diminution in the weight of the polymer. 
Measurement of the temperature coefficient of the reaction through¬ 
out degradation indicates that the energy of activation increases 
from 32 kcal. to nearly 40 kcal. It is this rise in energy that is 
responsible for the fall off in rate. At first sight it would seem that 
heating the polymer must transform it into a more stable modifica¬ 
tion. But this is not the true explanation. Since initial fission 
occurs at the end of the molecule, presiunably the character of the 
end groups will affect the velocity of the fission process. For 
example, if a polymer is made by illuminating the monomer with 
ultra-violet light instead of using peroxide as initiator, the rate of 
monomer evolution is increased by 60-100 per cent. This observa¬ 
tion gives a clue to the relative stability of the end groups. In a 
peroxide polymer there are no less than three types of end group. 
Assuming that phenyl radicals initiate polymerisation, one terminal 


structure will be C«Hs.CH,— C(Me)(COOMe). At the other end of 
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the molecule there are two structures. So far as is known, it is 
believed that when the polymer radicals interact to terminate 
polymerisation they do so by disproportionation, thus 

COOMo 

2R— {CHa— C(Me)(COOMe) CHa— 

Mo 

= R—{CTI,--C!(Me)COOMo}n—CH -C(M^)COOMo 

4- R— {CIIa--C(Me)COOMe }n--€Ha~-CH(Me)rOOMe 

If the polymer is formed by the action of ultra-violet radiation, it is 
believed that a diradical is created which probably grows at both 
ends, each radical end ultimately undergoing disproportionation. 
Thus the photo polymer is similar to the peroxide polymer except 
that there are no terminal phenyl groups. The fact that the photo 
polymer decomposes more quickly would indicate that fission pref¬ 
erentially occurs at the ends formed by disproportionation, and, 
since there are twice as many ends of this kind in the photo polymer, 
decomposition should be twice as fast. Wh*ch group is the easier to 
eliminate is difficult to decide, but one is presumably easier to 
eliminate than the other. Since the energy for bond fission rises 
from 32 to 40 kcal., it would appear that the rise is duo to the 
elimination of the less strongly bound groups, followed gradually 
by fission of the stronger bonds. If the nature of the end groups is 
completely altered by inducing polymerisation by means of diphenj 1- 
cyano methyl radicals, then by using high enough concentrations 
these radicals not only start polymerisation but also stop it. A 
kind of molecular sandwich is made of the following structure 
Ph,C(CN).{CH,.C(Me)COOMe}^.C(CN)Ph*. There is now only 
one type of terminal group and when this kind of polymer is decom¬ 
posed the rate does not fall off except in proportion to the amount 
of polymer present, that is the rate of bond fission is independent of 
the percentage degradation. Similarly the energy of activation 
remains constant at the much higher figure of 47 kcal. This pro¬ 
vides additional proof that the nature of the terminal groups wholly 
determines the stability of the polymer. 

A drastic modification can be made to the structure of the 
polymer by crossUnking it to a three-dimensional net-work. This 
is most easily done by copolymerising the methacrylate with glycol 
dimethacrylate. The curious result is that, even although them 
is one crosslink to every 10 methacrylate units and the pol 3 rmer 
is infusible, the velocity of depolymerisation is unaffected. This 
simply means that the '' zipper ” mechanism operates unimpaired 
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and that thermal degradation breaks down the net-work ultimately 
into soluble and volatile materials. 

While terminal groups have a profound effect on the stability 
of the polymer, the other question arises as to whether a structural 
irregularity, such as the introduction of other units into the polymer 
chain, itself interrupts the smooth flow of the “ zipper ” reaction. 
In order to synthesise such structures it is essential to choose a 
substance which will copolymerise with methacrylate and have a 
sufiiciently high thermal stability. Such a substance is acrylo 
nitrile (CHy—CH.CN). It copolymerisos readily, and the pure 
polyacrylo nitrile is thermally much more stable than the metha¬ 
crylate, and at elevated temperatrires it breaks down into a complex 
variety of products. The introduction of even small amounts of 
acrylo nitrile, c.gr. 1 in 600 of the methacrylate units, into polymers 
of a molecular weight of 700,000, ».e. 7000 units, has a most profound 
effect. Under normal conditions monomer evolution is stopped 
altogether, but this apparent inhibition is only temporary, for after 
expiry of an induction period monomer evolution starts, increases, 
and then diminishes towards the end of the degradation. This 
would mean that terminal fission of the copolymer still occurs, but, 
when the polymer radical degrades to the stage at which an acrylo 
nitrile is encountered, the process comes to a complete halt and the 
temperature of the system must be raised if degradation is to con¬ 
tinue, even though a free radical is involved. There is even a more 
surprising effect. If the molecular weight of the polymer is 
measured during the course of the induction period it shows a rapid 
diminution to a limiting value. For, with an acrylo nitrile metha¬ 
crylate ratio of 1 : 400, the limiting molecular weight turns out to 
be about 40,000— i.e. a degree of polymerisation of 400—exactly 
the average distance between the acrylo nitrile units. The intro¬ 
duction of this type of irregularity thus serves to cause the polymers 
to split into smaller polymer molecules, the size being determined 
by the distance between the acrylo nitrile units. Once this process 
is completed during the induction period, these smaller polymer 
molecules then proceed to degradation by terminal fission, followed 
by the “ zipper ” mechanism. 

Beferring back to Fig. 1, this latter type of mechanism would 
thus follow ideally the vertical line at the left of the diagram. Only 
the step-wise mechanism remains, but this would really be a limitin g 
case of the mechanism of degradation occurring with the larger 
molecules. At least three kinds of mechanism of polymer degrada¬ 
tion can occur. Pol}nmethyl methacrylate exhibits all three in 
suitable circumstances. Presumably other polymers will behave in 
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a similar fatshion, provided, of course, polymer radicals formed in 
these thermal processes can smoothly eliminate monomer molecules 
without the expenditure of unduly large amounts of energy. 

Finally something may be said about the degradation brought 
about by supersonic radiation. Nearly all the observations have 
been made at normal temperatures around 25° C., where radical 
breakdown cannot occur owing to energetic requirements. Pro¬ 
vided the molecular weight of the polymer is high enough, that is 
over 100,000, then solutions of it exposed to supersonic radiation 
will degrade in a matter of hours. Degradation is most vigorous 
when cavitation is allowed to occur in the liquid. Here however 
the liquid is so violently agitated that it would appear that the 
degradation is due to mechanical eflFeots similar to those that might 
be obtained by violent stirring or ejection of the solution from small 
orifices. Furthermore the presence of oxygen can well upset the 
mechanism of degradation under these conditions. These cavitation 
effects can be eliminated by keeping the solution under pressure or 
by working in vacuo. In either case degradation is still observed 
but the effect is very much diminished. There is no question that 
the radiation is absorbed and presumably the liquid is subjected to 
considerable shear. The number of polymer molecules in solution 
from time to time then increases, as shown most clearly from 
osmotic pressure experiments (A. J. R. Murray, unpublished). 
Therefore the problem arises as to how the covalent links in the 
molecule are broken. As in the thermal degradation it might be 
expected that radicals would bo produced. The simplest and most 
sensitive way of detecting radicals is to conduct the degradation 
using a monomer as solvent. If radicals are produced, then poly¬ 
merisation of monomer should be induced and the number of 
polymer molecules would then increase. When a great variety of 
polymer-monomer systems of this kind are so investigated there is 
no inducement of polymerisation which implies that the polymer 
molecules break down predominantly in molecules. If radicals are 
in fact formed, it would appear that they undergo disproportionation 
as, maybe, energetically the most economical way of molecular 
degradation. Even a molecule, such as the acrylo-nitrile methyl 
methacrylate copolymer which is weak thermally, does not undergo 
supersonic degradation any faster than pure polymethacrylate. 
This would seem to indicate that supersonic fission of a polymer 
does not necessarily proceed at the weak points. What is not clear 
is precisely how the energy transmitted to the liquid from the 
activating source enters the molecule and becomes so concentrated 
that it is capable of breaking quite strong bonds between atoms. 
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In this account of some recent developments resulting from the 
microscopical examination of sand^containing deposits, it is proposed 
to review the work carried out by sedimentary petrologists and soil 
mineralogists during the last fifteen years. It will be necessary, 
however, to begin with a short survey of earlier work. 

In sands and sandstones the grains are of such a size (av. 0*1 to 
1*0 mm.) that they can be studied and identified without elaborate 
preparation. Some work of this nature was done over 100 years 
ago, but from about 1870 onwards the newly developed method of 
studying rocks in thin section was occupying the attention of 
petrologists. In thin section the crystalline (i.e. igneous and 
metamorphic) rocks showed interesting structures and varied 
assemblages of minerals such as quartz, colourless alumino-silicates 
(felspars, felspathoids, white micas) and ferro-magnesian silicates 
(amphiboles, pyroxenes, dark micas, olivine); whereas in sandstones 
the structures were monotonously alike and often no mineral other 
than quartz could be identified. Hence, for some decades the 
ciystaUine rocks were assiduously studied and sandstones were 
neglected. 

Methods of immersing sands or crushed rocks in heavy liquids 
to separate quartz, felspar, etc., from minerals of higher density were 
developed during the latter part of the nineteenth century. A few 
ounces of crushed sandstone yielded a residue of heavy minerals, 
often small in amount yet showing a much larger assemblage of 
species than was encountered in thin sections, the reason being that 
the quantity of the sample was many thousands of times greater than 
the quantity of rock in a thin section. The minerals most per¬ 
sistently present in such residues were not the commoner heavy 
minerals of crystalline rocks, but the rarer ones (zircon, (Zr,Hf)Si 04 ; 
rutile, TiOs ; etc.). It was observed that sedimentary formations 
were often characterised by partictdar heavy mineral assemblages, 
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which might be used to identify the formations much in the same 
way as fossils are used. Such correlation often remained valid over 
considerable areas; but there was always some lateral variation, 
which, if sufficiently large, might provide evidence concerning the 
soiuce of detritus and the palssogeography of the period represented. 
These promising methods were soon widely employed by academic 
research workers, petroleum geologists engaged in mapping un- 
fossiliferous deposits, pedologists interested in the mineralogy of 
soils, and others. Fuller accounts of these developments have been 
given by Boswell (11)33) and.Milner (1940). 

The facts and conclusions thus accumulating needed critical 
examination and probably the first comprehensive review was that 
made by Boswell (1933), who set out clearly the trends of thought 
then current and exposed gaps in our knowledge. One question 



Fio. 1. 


A. Oarnot, naturally etched, Glaiial Hand, AnRlesey {x. 2U0). 

B. Garnet, naturally etched, JurasHic, Yorkshire (x 150). 
Garnet, etched with hydrofluorlo acid (x 200). 


which was shown to require further research was that of the stability 
of detrital minerals in sediments. 

That mineral grains in sands and sandstones decompose after 
deposition of the sediment was clearly recognised. The presence of 
“ ragged ” or “ etched ” grains was known to be common in such 
species as garnet (Fig. 1a and b), staurolite, amphiboles and 
pyroxenes, and seemed attributable to decomposition and solution 
(Edelman, 1932; Edelman and Doeglas, 1034), though some 
petrologists favoured the views that such forms were due to 
secondary growth or to abrasion during transport. These apparently 
trivial features had thus assumed considerable theoretical and 
practical importance. If the minerals exhibiting them are in the 
process of being dissolved, it may be inferred that these minerals 
will ultimately disappear and consequently that many sediments 
now poor in mineral species formerly possessed richer assemblages. 
Sediments which contained few mineral species had formerly been 
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thought to consist of material which had been “ re-worked ” several 
times, so that the less stable minerals had been lost during successive 
episodes of erosion and transport. It is possible to admit this 
explanation in some cases and yet recognise that solution after 
deposition may be true in others. In his Presidential Address to 
the Geological Society in 1941, Boswell (1942) again dealt with this 
problem, claiming that sufficient evidence had accumulated to 
establish the “ solution hypothesis,’^ and suggesting the need to 
review critically some of our earlier assumptions which had been 
based upon erroneous conceptions of mineral stability, a view to 
which still later work lends further support. 

There is, first of all, a little experimental evidence. Artificial 
abrasion tests have been carried out by several workers but none 
appears to report the production of grains of the type in question. 
Thiel (1940), for example, has churned minerals in water for con¬ 
siderable periods and in aU C€U3es his photomicrographs show progres¬ 
sive rounding, not the development of ragged surfaces. Chemical 
action, on the other hand, is capable of producing etched surfaces 
similar to those observed on natural mineral grains. On garnet, 
as Bramlette (1929) showed, the phenomenon can be produced by 
treatment with hydrofluoric acid (Fig. lo). That less potent 
solvents, given thousands or millions of years, are capable of pro¬ 
ducing similar results seems a reasonable surmise, but one which 
we cannot put to experimental test. It is necessary to seek a less 
direct method of approach. 

Bramlette (1941) has thrown further light on the problem by 
describing sandstones of Tertiary age, in which hornblende and 
epidote are scarce and show what he describes as “ cockscomb 
terminations ” ; but in parts of the sandstone, where the grains are 
more compactly cemented together to form concretions, hornblende 
and epidote are relatively abundant and show no signs of the 
corrosion which has affected the grains in the more porous parts of 
the rock. 

The Mesozoic sandstones of Yorkshire (especially the Middle 
Jurassic) yield assemblages of heavy minerals very suitable for the 
study of this phenomenon, for they show decisive lateral variations 
in mineral composition and in degrees of “ etching ” for which the 
“ solution hypothesis ” seems the only plausible explanation 
(Smithson, 1939, 1941, 1942), In the southern outcrops a large 
number of mineral species is present, and most of them (garnet, 
staurolite, etc.) occur as smooth-surfaced grains, only kyanite being 
etched. Farther north kyanite is absent, and garnet and staurolite 
are etched. Still farther north, staurolite is absent; and so the 
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assemblage gradually changes until, in the central region, kyanite, 
stawolite, and garnet are all absent and the total number of detrital 
minerals present is extremely small (Fig. 2). 



Fia. 2.—Map showing riciineaa of hoavy mineral oaaemblages in part of tho 
Jurassic syatom in Yorkshire. 

(The numerals Indicate the nuiiibor of iion-ui>aque heavy minerals.) 

Assuming that tho etching is entirely due to decomposition in the 
X>eriod during which these deposits have lain buried,* and that tho 
present distribution of minerals has been largely determined by 
the same cause, it has been possible to arrange the minerals of 
these rooks in a series so as to indicate, in a general way, their 
relative stability (Table I, fourth column). 

It is instructive to compare this stability series with those 
obtained by other methods. Of the seven series shown in the table, 
the most comprehensive and probably the most objective is that of 
Pettijohn, here given in an abridged form. Investigating the well- 
known fact that present-day sediments are on an average richer in 
mineral species than those belonging to earlier formations (Fig. 3), 
he collected published records of minerals in sediments of all ages 
and countries. Thus he obtained for each species, (1) its frequency 

* Weathered specimens, which are normally avoided in this work, exhibit 
mineral changes evidently produced in recent times by atmospheric agencies. 
In such specimens apatite is particularly liable to show signs of attack, 
although in unweathered ones it shows none even where garnet has been 
attacked. 








14 SCIENCE PBOQBESS 


TABLE 1 
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* lu the pnblliihed work given as ** atuphlbole " or *' arophlboles." 
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The spacing Is Intended to draw attention to the slmUaritlee between the soriue. Minerals occurring 
In fewer ihan three of the seven lists have been omitted. In Hlndowskfs paper the minerals are given 
not as a continuous series, but as groups shown in the above table by brackets. the minerals in each 
group are here arranged to show the maximam possible agreement with the other lists. 


of occurrence in Recent eediinents and (2) its average frequency in 
non-Recent sediments, the ratio of these two frequencies being taken 
as a measure for deciding the place of each mineral in the stability 
series. Since comparison is made in each case with Recent deposits, 
position in the series may be taken as indicating relative resistance 
to post-depositional change. This inference involves the assump¬ 
tion that each mineral occiured as frequently in ancient deposits at 
the time they were laid down as it does in present-day deposits. 
The close similarity, noted by Pettijohn, between his series and that 
of Smithson does, however, reassure us that the two lines of reason¬ 
ing by which these series are obtained are probably sound and that 
both series relate to the same fundamental property—^namely the 
stability of detrital minerals in subterranean strata. The only 
important point of disagreement is the position of apatite, but, since 
many of the workers whose results were used by Pettijohn cleaned 
and disintegrated their samples with acids which destroy apatite, 
and since this treatment is more frequently used for old, consolidated 
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sediments than for recent ones, Pettijohn’s calculations would tend 
to give a lower value for the stability of this mineral. 

Pettijohn also drew attention to the complete agreement between 
his series and that of Goldich (1938), which is based on the study of 
true weathering.* Goldich’s list, however, includes very few heavy 
minerals, and more extensive research into the mineralogy of soils 
suggests that resistance to weathering differs in many instances from 
that indicated by Pettijohn’s list. V. T. Allen (1948) has described 



Fig. 8.—^Histogrckm allowing variationB in ricImesB of heavy mineral 
aasemblagos in geological time. 

{AfUr PKTTiJoHiir.) 

Vertical acalo number of species occurring in mor$ tlian half the examples investigated. 


a soil profile in which apatite has proved less stable than hornblende 
and much less stable than garnet and kyanite. Haseman and 
Marshall (1945) have reviewed somewhat earlier work carried out by 
soil workers in U.S.A. Michelson (1943), for example, is stated to 
have studied soils derived from calcareous glacial drift and to have 

* Weathering consists of the breakdown of rooks under mechanical 
strains caused by weather conditions, and the solution and chemical decom¬ 
position of minerals by rainwater in the presence of air (including “ soil air ”). 
The term should not applied to processes which take place beyond the zone 
in which these agencies are believed to operate. 
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found apatite persisting under neutral or slightly alkaline conditions^ 
although it had disappeared from acid soils. L. and 0. Dryden 
(1946) from a study of minerals in soils, have built up a stability 
series which differs from Pettijohn’s in having both staurolite and 
garnet less stable than hornblende. 

Sindowski (1949) has published an account of recent work by 
German sedimentary petrologists and has divided heavy minerals 
into a series of groups (given in an abbreviated form in Table I) 
which are stated to show “ the resistance of heavy minerals to 
weathering.” The text, however, suggests that this grouping may 
be an attempt to tabulate a statement of mineral stability which 
shall be valid both in the zone of weathering and in sedimentary 
rocks in general. This statement, even when set out in such a way 
as to make comparison as favourable as possible, differs from that 
of Pettijohn with respect to garnet and apatite ; and if the fifteen 
minerals common to both complete lists are set out side by side 
further discrepancies can be found, particularly in the placing of 
anatase, epidote and sillimanite. The position accorded to apatite 
in the Sindowski list might seem to suggest that the series relates to 
true weathering. It is possible, however, that the Grerman workers 
may have been influenced by taking a much greater interest in the 
younger than in the older deposits. The older sediments now avail¬ 
able for study are mostly those which have been deeply buried, for 
otherwise they would not have been preserved from erosion until 
our own times. In contrast, the Quaternary and Upper Tertiary 
sediments now accessible consist largely of deposits which have never 
been deeply buried and the environment to which their minerals have 
been subjected may not have differed greatly from that which exists 
in the zone of weathering. 

Turning now to the stability of minerals in the face of mechanical 
disruption we have Freise’s mechanical abrasion tests (1931) and 
Bussell’s study of the transport of mineral grains by the Mississippi 
(1937). Freise arrived at a stability series, shown in Table I, which 
clearly differs from those already discussed. With Pettijohn’s 
stability values the transportioiderstand values of Freise show little 
or no correlation. It is, however, interesting to compare the 
transporitviderstand values with the frequencies of minerals in recent 
sediments as arrived at by Pettijohn as a stage in his stability 
calculations. Graphical study gives some suggestion of correlation, 
and the minerals whose frequencies are lower than would be estim¬ 
ated from Freise’s data are those which are known to be chemically 
unstable or very local in their occurrence in the crystalline rocks. 

It has been a widely held belief that owing to differences in 
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mechanical properties there is a tendency for some minerals to be 
destroyed during river transport and others to survive, so that from 
this cause the composition of sand borne by a river tends to change 
progressively from source to mouth. Mackie (1899) reported con¬ 
siderable reductions in the amount of felspars in the course of 30 to 
40 miles in some swift Scottish rivers, but these may not be typical 
of rivers in general, for R. Dana Russell (1937) has shown that for 
the lower 1000 miles of the River Mississippi there is no evidence 
of any large progressive changes in mineral composition. Russell 
found that there were variations in composition, but that these were 
present even among adjacent samples and were explicable as the 
effects of local sorting which could be allowed for by dividing each 
sample into a number of sieve fractions, determining the composition 
of each and applying an appropriate statistical device. He satisfied 
himself that the sediment introduced by the few small tributaries 
was practically negligible, this stretch of the river being a “ natural 
flume.’* His final conclusion was that “ the selective destruction 
of minerals by abrasion and alteration during transport is not only 
a relatively unimportant process in the lower Mississippi River, but 
that a large part of the effect of this process is offset by other factors, 
with the result that sands reaching the Gulf have nearly the same 
mineral com|K)8ition as those in the vicinity of Cairo.” The minerals 
of the amphibole and pyroxene groups averaged between 10 and 
20 per cent, of the heavy residue, as determined by grain counting, 
and Russell particularly noted that they show little or no progressive 
loss. He contrasted this fact with the scarcity or absence of these 
minerals in older sediments apparently derived from the same 
source rocks, and concluded that decomposition after deposition 
rather than during transport is the major cause of the disappearance 
of these minerals. 

There is one further line of evidence which lends support to the 
conclusions reached above. Geologists have long been familiar with 
a number of minerals which, if present in a sedimentary rock, can 
often be described as authigenic, i.c. formed in the place where they 
are now found. For example, the TiO|-minerals, anatase and 
brookite, often occur in large quantities as weU-shaped crystals 
showing no signs of abrasion, and evidently formed in situ from some 
other titaniferous minerals. This is in keeping with the fact noted 
by Pettijohn (1941) that anatase has been reported more frequently 
in the older than in the younger sediments. Other substances {e.g, 
quartz, the felspars, the clay-minerals) are developed in a similar 
manner to form new grains, to encrust older grains or to fill inter¬ 
stices, and their development contributes to the process whereby 
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unconsolidated sediments are gradually converted into hard rook. 
Waldsohmidt (1041) and Gilbert (1949) have attempted to learn 
the sequence in which such changes take place by studying thin 
sections of sandstones in Western U.S.A., but much more work 
needs to be done before the process is thoroughly understood. 

The processes outlined above—^the destruction of minerals in 
sedimentary rocks and the consequent formation of new minerals— 
are of a less drastic nature than those to which geologists have given 
the name metamorphiCy and it is customary to class them under the 
term duigenesis. It is generally recognised that many types of 
diagenetic change are associated with deep burial and many writers 
have stated or implied that pressure plays an important part. In 
the Yorkshire Jurassic rocks (Smithson, 1939, 1941, 1942) variations 
in the intensity of diagenesis are closely related to variations in the 
thickness of the beds and to the major axis of folding in the region. 
There are not many regions in which lateral changes in the beds 
are so easily mapped—the dips of the rocks are extremely low and 
the region is deeply dissected by valleys so that beds of the same age 
can be sampled over a wide area—^but in the coalfields, as a result of 
mining operations, it is practicable to trace variations in the con¬ 
stitution of the individual beds over considerable areas. Although 
in these regions attention has been devoted almost exclusively to the 
coal seams, the results appear to have some bearing on the present 
problem. Like the changes discussed above, the devolatilisation 
of a coal seam is a change due to conditions less severe than those 
which give rise to metamorphism. In South Wales the volatile- 
content of the coal in each locality decreases with depth, but still 
greater variations are found as each seam is traced towards the north¬ 
west margin of the field. Although earlier opinion favoured the 
view that pressure due to depth of burial was the chief cause of 
change, Trotter (1949) has correlated the major variations in 
devolatilisation with differences in distance from the major thrust 
plane of the area. It would be of interest if the heavy mineral 
suites of this area could be mapped to discover whether their varia¬ 
tion corresponded in any way to the distribution of coal volatiles, 
and particularly whether the conditions which have affected the coal 
have caused any progressive impoverishment of the heavy mineral 
suites of the sandstones. 

Sufficient evidence has now been set out to affirm that the mineral 
assemblage found in a sediment of any age will differ from that 
which was present when the sediment was laid down and that the 
amount of difference will depend upon time and upon environment. 
Minerals which, in a cr3r8talline rock, remain apparently unaltered 
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for hundreds of millions of years may survive for much shorter 
periods when transferred to an arenaceous rock. The earliest 
changes are qualitative (e.jr. changes in the form of the grains), the 
later ones quantitative {e.g. reduction in the number of grains of 
some species and a consequent increase in the percentage of the 
surviving species). These ideas are undoubtedly disturbing to the 
geologist or pedologist wishing to know the source rocks of a 
particular deposit or the parent material or parent rock of a soil, 
for it is certain that some mistakes have been made through regard¬ 
ing the composition of a mineral assemblage as a fixed characteristic 
of a sedimentary deposit. It is probable that the errors are in some 
cases negligible, in others serious, but it is not yet clear how they 
are to be estimated and rectified. If it had been possible to arrange 
minerals in a stability series valid for all the environments involved 
the problem would have been simpler, but a comprehensive stability 
series can never be more than a rough generalisation. 

There appear to be two promising ways out of these difficulties. 
Firstly, we can follow up work which has been done upon varietal 
characteristics (form, colour, etc.). Brammall (1928), for example, 
has shown that in the granite and associated rocks of Dartmoor, 
many of the accessory minerals possess distinctive varietal features, 
a fact successfully utilised by Groves (1931) in investigating the 
contribution made by the Dartmoor rocks to the sediments of the 
south of England, ^condly, we can give attention to the quantita¬ 
tive aspects of the most stable species. Mineralogical and chemical 
estimations of zircon in the successive layers of a soil profile may be 
made the starting point for studying the changes in the less stable 
constituents (Haseman and Marshall, 1945). Variations in the sizes 
of zircon grains throughout the lateral extent of a particular bed or 
formation may give evidence as to the direction of transport of the 
detritus (Smithson, 1942; P. Allen, 1949). 

In such work, P. Allen (1944) has rightly stressed the importance 
of applying the standard method of statistics. Indeed, the quanti¬ 
tative approach which has characterised most aspects of petrological 
research in recent years makes it inevitable that statistical criticism 
should be brought to bear on the data collected. A. L. Dryden 
(1931) and P. Allen and Miss Walder (1945), for example, have 
pointed out that sedimentary petrographers often count only a few 
hundred grains of a mineral assemblage and then express the com¬ 
position with a degree of accuracy not justified on statistical grounds. 
It is possible, however, that if the work of counting has been under¬ 
taken in the belief that the percentage composition has remained 
constant with the passage of time, the application of statistical 
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methods is not an adequate safeguard, since it may appear to give a 
qualified blessing to data which for the purpose in mind should be 
condemned on geological grounds. 

Research involving numerical estimates of mineral assemblages 
continues, sometimes with and sometimes without rigorous 
statistical treatment. In Europe, the workers who follow Edelman 
(1938) are satisfied that, by roughly estimating percentage com¬ 
position and inspecting the accumulated data, the assemblages can 
be classified into t 3 rpes characteristic of “ distributive provinces,” 
the mapping of which discloses the palaeogeography of the period 
of deposition. Smithson’s work on the Jurassic rocks of Yorkshire 
emplo 3 dng similar methods led, as we have seen, to the conclusion 
that not a distributive province but one of miv^ralogical change was 
the only unmistakable feature present. “ I have had the impression 
for many years,” wrote Boswell (1942), “ that the Jurassic system 
in Yorkshire includes mineralogically ‘ abnormal ’ formations.” 
Perhaps, therefore, it is only in exceptional cases that grain-counting 
completely fails to give valid palseogeographical information. Yet 
in how many cases are we dealing with the perfectly ” normal ” or 
ideal sediment for which distributive provinces can be correctly 
established, and how often with sediments of an intermediate type 
for which distributive provinces can be established only with partial 
success ? 

We have touched only upon such recent research as could be 
linked up with a central theme, but if we try to sum up what the 
sedimentary petrologist has chiefly gained (or should have gained) 
from all the research of the last fifteen years we should say that he 
has suffered a healthy clarification of his ideas, which should lead to 
greater caution in the interpretation of the data and to the realisa¬ 
tion that work still remains to be done on many problems formerly 
thought to have an obvious solution. 
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METEOR IONISATION IN THE 
UPPER ATMOSPHERE 

Bv A. 0. B. LOVELL, O.B.E., Ph D., F.Ihst.P. 

Vniioer$ity of Mandhotter 

1. Introduction 

Meteors are minute pieces of stone and iron which produce the 
familiar spectacle of ‘‘ shooting stars ” when they enter the earth’s 
atmosphere at very great speed. Most of the meteoric debris which 
the earth encounters in its journey through space is finally disinte¬ 
grated by impact with the air molecules at altitudes between 80 
and 120 km. Although the major part of the energy of the meteor 
is spent in producing light and heat, the small fraction spent on 
ionisation produces dense electron concentrations which scatter 
sufficient energy to be observed (as short-lived echoes) on modem 
radio apparatus. This survey is concerned firstly with the total 
ionisation produced in the atmosphere by the meteoric debris, and 
then with the intense local ionisation produced by individual 
meteors and the behaviour of the electrons during and after the 
disintegration of the meteor. The fundamental meteoric phenomena 
are summarised, but the significant contributions made to the sub¬ 
ject of meteor astronomy through the ability to observe the primary 
phenomena under all conditions of light and cloud are not specifically 
included. 

The detailed history of the subject has been given recently else¬ 
where [1]. This paper is more concerned with the present state 
of our Imowledge and with the many complex problems still-awaiting 
solution. 


2. The Fundamental Meteoric Phenomena 

Although there is much dispute about the origin of the meteoric 
matter, certain fundamental phenomena are well known. The most 
important is the occurrence at certain times of the year of meteor 
** showers.” These arise when the earth sweeps through an accumu¬ 
lation of debris which is itself moving in a definite orbit under the 
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gravitational force of the sun. The effect is illustrated in Fig. 1, 
in which the debris is moving in the orbit pqr. Assuming for the 
moment that the debris 
is uniformly distributed 
around this orbit, then 
when the earth crosses 
the meteoric orbit at q 
a large concentration of 
debris will enter the earth*s 
atmosphere and wiU con- 
tinue to do so until the 
earth emerges from the 
stream. The meteors in 
this stream will approach 
the earth from the same “ 
apparent direction in 
space. This direction is 
known as the radiant of 
the stream, and meteor 
showers are usually named 
after the star or con¬ 
stellation near which the Fia. l.—Production of a motooi shower, 
radiant appears to lie. 

Until the advent of the radio echo technique (which enables daytime 
showers to be observed [2]), about twelve such showers of regular 
occurrence were known. The ability to observe in the daytime by 
the radio method has led to the discovery of a further dozen major 
streams during the summer months [2, 3]. 

The extent of the debris associated with specific orbits varies 
greatly. Thus the great Giacobinid shower of October 1946 was of 
exceptional intensity, but lasted only for 6 hours, and hence the 
stream, although of great density, could not have been more than 
some 400,000 miles in cross-section. At the other extreme the 
regularly occurring Perseid shower of August is much loss active but 
lasts for 21 days, so that the debris must extend for something like 
50 million miles in space.*** 

The velocity with which the meteoric matter enters the atmo¬ 
sphere depends on the position and eccentricity of the orbit of the 
stream. In Fig. 1 is the earth’s orbital velocity (30 km./soc.) 
and Vi the velocity of the meteoric debris about the sun. The 

*** Estimated from the distanoe which the earth moves in this time. 
Actually the eckrth moves obhquely through these orbits and hence their 
actual cross-section is somewhat less. 
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limiting value for Vi if the debris is moving in an elliptical orbit is 
42 km./seo. Hence the velocity of meteors in the atmosphere can 
vary between limits of 12 to 72 km./sec. The existence of hyper¬ 
bolic meteor orbits, which implies that the meteor comes from out¬ 
side the solar system, is in great dispute. 

The origin of these meteoric streams is not known. There are 
some half-dozen cases in which it appears certain that the debris 
is associated with a comet or is the remains of a disintegrated comet. 
The Giacobinid shower referred to above has so far only occurred 
when the earth crosses the orbit of the Giacobini-Zinner comet 
fairly close to the comet itself. Thus in 1946 when the earth 
passed through the orbit 16 days behind the comet there was a very 
great shower, but in the three subsequent years when the earth has 
crossed the orbit at a much greater distance from the comet there 
has been no shower whatsoever. The Giacobini-Zinner comet is of 
recent origin. On the other hand, the Perseid shower is believed to 
be the remains of a comet of great antiquity. In this case the debris 
has probably been spread out by perturbation over thousands of 
years and is now fairly uniformly distributed around the orbit so 
that the shower is very regular. Many of the showers, however, 
have no known parent comets and there are many comets whose 
orbits are crossed by the earth’s which do not yield meteor showers. 

Apart from these isolated showers, there are large numbers of 
sporadic meteors which do not appear to be grouped in any marked 
orbits or streams. These may have arisen by perturbation of 
debris which was originally localised in orbits, or some may be of 
interstellar origin—a vital problem which still remains to be settled. 

3. The Quantity of Meteoric Matter intercepted 
BY THE Earth 

On a clear, moonless night the unaided eye can see about 10 
sporadic meteors per hour on the average. The actual number 
shows marked diurnal and seasonal variation, being greatest at 
06^, when the observer is on the forward side of the earth, and at 
the autumnal equinox, when the apex of the earth’s way is at its 
greatest elevation. During times of meteor showers these numbers 
may be greatly augmented. Showers such as the Perseids and 
Geminids give 40 to 60 per hour for several nights, while the remark¬ 
able Giacobinid shower in October 1946 is believed to have produced 
nearly 10,000 per hour for a short time near maximum. 

The actual numbers of particles entering the earth’s atmosphere 
is very much greater, since the limit of visibility is about 6th magni¬ 
tude. According to Fletcher-Watson [4], the total maas of meteoric 
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matter entering the whole of the earth’s atmosphere is 11 kg. per 
stellar magnitude x)er day. If we assume that meteors of less than 
30th magnitude are blown away by the sun’s radiation pressure 
and that meteors of magnitude greater than — 10 fall to the earth 
as meteorites, then we find that 450 kg. of meteoric matter is incident 
on the earth’s atmosphere per day. Taking the area of the atmo¬ 
sphere as 5 X 10® km.® the mass of meteoric material coming into 
the atmosphere is ^ 10“® gm./km.®/sec. 

These quantities will be enhanced during the occurrence of 
showers. A small shower giving a visual rate of 10 per hour will 
contribute an additional 10“® gm./km.®/soc. Major showers like 
the Perscids and Geminids will contribute about 5 x 10“’ 
gm./km®/sec. The 1946 Giacobinid shower must have produced 
some 10~® gm./km.^/sec. in the atmosphere. 

The above figures assume that the number distribution amongst 
different magnitudes in both the sporadic and shower meteors is 
such that the same mass exists in each magnitude from — 10 to + 30. 
This has been verified only over limited ranges of magnitude [4]. 
In particular, it seems likely that some of the very old streams may 
only contain the larger particles, since the smaller debris may have 
been dispersed over a long period of time. Nevertheless, the figures 
provide the best guide at present available as regards the quantities 
involved. 

The total energy brought into the atmosphere by the meteoric 
debris can be estimated by assuming an average velocity of 40 km. /sec. 
This gives an energy flow of some 4 x 10^® ergs/sec., rising during 
active showers to ^ 10^* ergs/sec. and to 10'®— 10'’ ergs/sec. during 
very intense showers like the Giacobinids. It is interesting to note 
that these quantities are of the same order of magnitude as the energy 
brought into the atmosphere by cosmic rays (^^3 x 10'® ergs/sec.). 

4. The Process op Ionisation 

A discussion of the various theories of meteor ionisation has been 
given by Herlofson [5]. Present-day theories are based mainly on 
the work of Opik [6]. The radii of even the very bright meteors 
are a fraction of a millimetre, which is much smaller than the mean 
free path of the atmospheric molecules at altitudes where the meteor 
evaporates. The surface of the meteor will therefore bo subjected 
to bombardment by single air molecules, a large proportion of 
which will be trapped in the meteor and give up their kinetic energy 
as heat. Eventually the heat supplied to the meteor in this manner 
will cause it to evaporate and the meteor atoms will escape with 
thermal velocities relative to the meteor. 



26 


SCIENOE FBOGBBSS 


Since the binding energy of the atoms in the meteor is only a few 
electron volts, the energy given up by each trapped air molecule will 
be sufficient to evaporate a large number of meteor atoms. Hence 
the total air mass intercepted before complete evaporation takes 
place is small compared with the meteor mass, and the meteor will 
not be retarded. The atmosphere does not tend to stop the flight 
of the meteoric body, but rather to break it up into single atoms 
which immediately disperse in the surrounding air. 

The shapes of the theoretical light and ionisation curves based 
on the above mechanism have been calculated by Opik [6] and 
Herlo&on [5] and are in good agreement with the observed pheno¬ 
mena. Of particular interest to the present discussion is the calcu¬ 
lation of the magnitude of the ionisation produced by a meteor of 
given size and velocity. The velocities of the evaporated atoms 
relative to the atmosphere are of the order of 40 km./sec. and their 
kinetic energies are some 100 to 1000 eV. In subsequent collisions 
with the air molecules they will produce heat, light and ionisation. 
Unfortunately the knowledge at present available regarding the 
probabilities for transitions to the various levels in the colliding 
atoms is very limited. It is known, however, that the probabilities 
for excitation and ionisation in the collision of two heavy paxticles 
are very much smaller than for the collision between an atom and 
electron of comparable energy [7]. Thus it is to be anticipated 
that most of the kinetic energy of the meteor will be converted into 
heat, and relatively little into light and ionisation. The calculations 
made by Opik on the basis of data at present available indicate 
that the kinetic energy of the meteor will be divided in the ratio 
10^ (heat): 10* (light): 1 (ionisation). 

On the basis of these views Herlofson [5] gives the following data 
calculated for a very faint and very bright meteor moving with a 
velocity of 40 km./sec. 


+ 6 

0*02 cm. 

95 km 

6. The Total Ionisation fboducbd by Meteobs in 
THE Atmosphere 

Recent experimental measurements of ionisation in the trails of 
visually observed meteors (see § 9) indicate that the theory out¬ 
lined above predicts ion densities of the correct order of magnitude. 
It is therefore possible to obtain figiues for the total ionisation created 


Magnitude.. 

+ 1 

Ka&us. 

0’08 cm. 

No. electrons/cm. path. 

10“ 

Height correeponding to maximum of light and 


ionieatioD. 
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in the atmosphere by meteoric impact. The experiments of Sutton 
and Mouzon [7] indicate that the probability of a meteor atom 
producing a free electron is 10“*. Thus the number of electrons 
produced by m grams of meteoric matter of atomic weight A will 
be given by 

No 

n = —m X 10-* 

A 

where No is Avogadro’s Number. If we assume that the meteoric 
matter is iron, then the number of electrons produced per gram will be 

» = 11 X 10*» 

It is instructive to compare the rate of ion production with the 
general level of E region ionisation, for which we require the actual 
volume density. There are two cases to consider: 

(o) Sporadic Meteors. —^The sporadic meteors will have a velocity 
distribution from 12 to 72 km./sec. (assuming that there arc no 
interstellar meteors) and will ionise over a height range from about 
80 to 120 km. According to the estimates made in § 3, the mass of 
sporadic material incident on the atmosphere is ~ 10"* gm./km.®/ 
sec.; hence the volume density of ionisation produced will bo 
3-0 X 10~® electrons/c.c./sec. 

(6) Shower Meteors. —^The shower meteors form homogeneous 
velocity groups and the ionisation due to the particles in a given 
shower will be confined to a narrower depth of atmosphei-e, say 
10 km. A shower with the same visual rate as assumed for the 
sporadic meteors (10 per hour) will thus produce 1-2 x 10 * 
electrons/c.c./sec. The maximum contributions occur in the 
summer daytime when two or more radiants may be active simul¬ 
taneously with a combined rate of up to 200 per hour [8]. The 
rate of electron production is then 2-4 x 10~® electrons/c.c./sec. 

The Giacobinid shower of October 10, 1946, represents an unique 
event in which the echo rate reached nearly 10,000/hour for a short 
period around maximum [9]. This represents a production of 
electrons of 1-2 x 10-*/o.c./seo. 

The average E region ionisation during a midsummer day is 
approximately 1'6 x 10* electrons/c.c., falling to 1-0 x 10* elec- 
trons/o.c. at night. TakingtherecombinationcoefiScientas 10-*/8eo., 
this implies a rate of ion production (N*a) of approximately 
226/o.o./sec. during the midsummer day and l/c.c./sec. during 
the night. Thus the ion production due to meteors—^ranging from 
3 X 10~*/o.o./sec. to 2-4 x 10-*/c.c./8eo. during the summer 
daytime, at all times represents a negligible contribution to the E 
region ionisation. For a short period during the exceptional Giaco- 
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binid shower of October 10,1946, however, the rate of ion production 
became nearly sufficient to maintain the normal night time E region 
ionisation. 

These conclusions are in disagreement with the earlier estimates 
of Skellett [10] and Pierce [11] who, assuming that almost the 
entire kinetic energy of the meteor was spent in ionisation, con¬ 
cluded that the ionisation due to meteors made a prominent con¬ 
tribution to the normal level of ionisation in the E region. 

6. The Looai, Intense Columns op Ionisation pboducbd 

BY Meteors 

Although the total amount of ionisation produced is negligible 
compared with the normal level of E region ionisation, the initial 
concentrations of electrons produced as the meteor evaporates are 
very great, and give rise to effects of great consequence in the study 
of the astronomy of meteors and the physical processes taking place 
in the high atmosphere. The primary process, as the meteor 
evaporates, is the production of a long narrow column of ionisation 
some 10 km. long at altitudes of 80 to 120 km., depending on the 
velocity of the meteor. The lino density of electrons in this column 
is some I0‘® to 10** electrons/cm. for meteors in the visual range. 
The initial radius of the column will be comparable with the mean 
free path, which is of the order of 10 cm. at 100 km., and hence the 
initial volume densities will be in the region 10* to 10*® eloctrons/c.c. 
These densities will decrease rapidly under the influence of diffusion 
and recombination. 

The scattering of radio waves from those transient concentrations 
of electrons can be readily observed with conventional radar apparatus 
working on frequencies above the critical frequencies for the E and 
F regions. The majority of the echoes are short-lived, although 
occasionally echoes are observed lasting for a minute or more on the 
lower frequencies. The conventional methods of observation are 

PLATE I 

Fig. 2. —Appearance of a radio echo from a meteor trail on a range-amplitude 
cathode ray tube display. (Range horizontal, amplitude vertical.) The echo 
which is at a range of 470 km. is from a Perseid meteor on 1947 August 4. 
Fio. 3.—Appearance of radio echoes from meteor trails on on intensity modulated 
cathode ray tube display. (Range vertical, time horizontal.) An unusually 
long duration echo (1 minute) is visible with three transient echoes appearing 
as white spots. The record was obtained during the daytime showers on 
1948 June 17. 

Fio. 6.—A good example of radio wave reflection from the ionisation near the head 
of a moving meteor. This is a rare example in wluch both the approach and 
regression of the meteor can be observed. 

PhatOQfaphed at Ottawa 1048 August 4 ^ P. M. Millman and D. W. R. McKinliy, by whose kind 
permission this is reproduced. {Canad, J. 37, 68, 1040.) 
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either the range-amplitude display, in which the range and ampli¬ 
tude can bo measured (Fig. 2, Plate 1), or the intensity modulated 
display (Fig. 3, Plate I), in which the duration and range can be 
measured. Some of the techniques and results will be discussed 
in the following sections. 

7. The Number of Transient Echoes Observed 

Early workers on the ionosphere using radio frequencies in the 
region of 20 Mc./s. observed large numbers of transient echoes which 
had a diurnal and seasonal variation. As a result of experience 
during the 1932 Polar Year Expedition, Appleton [12] suggested 
meteors as a possible cause of these echoes, and in America Skellett 
,[13] associated some of the larger bursts with visible meteors pass¬ 
ing overhead. There did not seem to be any correlation between the 
numbers of echoes and the meteoric jjhonomena which were visible to 
the eye ; and the precise origin of tlio echoes remained in doubt. 

Using Army radar equipment on a much higher frequency 
(70 Mc./s.) in 1945 Hey and Stewart [14, 15] made some important 
observations which led to a considerable clarification of the subject. 
On this higher frequency the echoes are less frequent and a definite 
coiTclation was observed between increases in echo rate and the 
occurrence of well-knoAvn major meteor showers. Fig. 4 shows the 
echo rates observed by Hey and Stewart. The peak in January 

PLATE II 

Fig. 8.—Tho diiTraction of 72 Mc./s. radio waves from a meteor trail during forma¬ 
tion. The Frosnel '/ones (maximum A, C\ E, cf. Fig. 7) are clearly visible. 
The time interval between successive pulses i.s 1*3 nulbswonds. The range 
of the echo (445 km.) was photographed on another display and the vel(X»ity 
can bo calculated from the zone spacings. The meteor occurred during 
the daytime streams on 1949 May 14‘*07*»U9“ U.T. and had a velocity of 
69 4 _L 2-1 kin./sec. 

Fio. 9. The continuous wave counterpart of Fig. 8. By using a C.W. transmitter 
on 30 Mc./s., McKinley and Millman have been able to photograph the amplitude 
changes continuously as tho meteor trail moves through the aerial beam. The 
effect can be made audible, if tho reflected wave is made to beat with tho dii*oot 
groimd wave, as a doppler whistle. Tho Fresnel oscillations are visible before 
the perpendicular point, since the ground wave provides a reference phase. 
Photographed on 1948 Dec. 11 **03** 14*", the velocity of tho meteor was 
36 0 km./sec. 

{Hi/ kind permisai tn of Dr. D. W. R. MoKinlry.) 

Fio. 11.—The beginning of an abnormal typo of long duration echo observed on 
72 Mc./s. The Fresnel zones (A, C, E, cf. Figs. 7 and 8) ai’e followed by a 
big surge in amplitude, which has not occurred in the normal ty|)o shown in 
Fig. 8. From a meteor trail at a range of 386 km. on 1949 June ll‘*10*»29*“ U.T. 
The time interval between successive pulses is 1*3 milliscH'onds and the velocity 
of tho meteor 43*1 ±2-1 km./sec. 

Fio. 12.—An example of the high-speed amplitude fluctuations in tho radio coho 
from a meteor trail observed on 72 Mc./s. Tho beginning of this type of 
fluctuation is seen in Fig. 11. The time interval between successive pulses is 
1*3 milliseconds. The meteor was a Porseid occurring at a range of 525 km. 
on 1949 August 0d07»»37« U.T. 
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corresponds to the intense short-lived Quadrantid shower. Similar 
peaks were observed in April and May corresponding to the L 3 nids 
and };-Aquarids respectively. These all agree closely in time with 
the known visual occurrence of these showers. Convincing evidence 
that, at least on these fiequencies, all the short-lived echoes are 
associated with meteors was provided by the Giacobinid shower 
of October 10,1946. For example, in the apparatus used by Lovell, 
Banwell and Clegg [9] on 72 Me./s. the normal echo rate with 
no showers active was 2 per hour. This condition applied until 
00*' U.T. on October 10, when the echo rate suddenly increased, 
until by 03** 40” U.T. the rate rose to the enormous peak of 
J68 per minvie. By 06’'00 U.T. the rate had decreased to its 
normal “ no shower ” rate of 2 per hour. These times correspon¬ 
ded precisely with the calculated time of passage of the earth 
through the orbit of the Giacobini-Zinner comet. 
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Fig. 4. —^The rate of oocurronce of transient echoes observed by Hey and Stewart 
in 1940, showing the shcup peak at the time of the Quadrantid shower. 

(From Pfoc. J^hyt, Soc., 59, 868, 1947.) 

On the frequencies in the 70 Mc./s. region a major proportion of 
the reflections are critically aspect sensitive, and the radio echo 
from a given trail can only be observed if the foot of the perpendi¬ 
cular from the observing station to the trail lies in the aerial beam. 
This prox)erty of the reflections was suggested by Pierce [11] in 
1938 and proved in the work of Hey and Stewart [16]. At the 
peak of the Giacobinid shower the directional aerial used by Lovell, 
Banwell and Clegg [9] was redirected so that the beam was pointing 
in the direction of the radiant point. The echo rate fell to 4 per 
cent, of its previous value, but rose again to the exceptionally high 
value as soon as the beam was returned so as to be perpendicular to 
the radiant. 

If the frequency of the radio apparatus is reduced, while its 
equivalent sensitivity is maintained at a constant value, the transient 
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echo rate increases. Thus Fig. 5 shows a simultaneous 24-hour 
record on frequencies of 36 and 72 Mc./s. On the 72 Mc./s. appara¬ 
tus it is known from experience that a close relation exists between 
the observed echo rate and the rate of visual meteors. AU the 
echoes observed on 72 Mc./s. were also observed simultaneously on 
36 Mc./s., but in addition there was an extremely high background 
rate with a diurnal variation on this lower frequency. This tjrpe of 
variation, which exists independently of the presence of major 
meteor showers, caused the earlier uncertainty in the interpretation 
of the transient echoes. The recent work of Millman and McKinley 
[16] on these low frequencies has indicated the correct interpretation 
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Fig. 5.—Hourly rates of transient echoes observed on 36 Mc./s. and 72 Mo./s. 
equipment during a simultaneous 24-hour watch Sept. 23-24, 1947. 


of these phenomena. By an extensive combined programme of 
radio and visual observation these workers have shown that the 
aspect sensitivity reflections are not unique on these lower fre¬ 
quencies. Although a trail passing through the aerial beam at right 
angles to the station gives the strongest echo, the reflection from a 
trail passing at an angle through the beam can still be seen. Their 
work also indicates that a single trail can apparently change rapidly 
from its initial columnar formation to give localised concentrations 
of electrons, and hence a multiplicity of echoes results, whereas on 
the higher frequencies only the original columnar reflection is 
observed. 


8. The Mechanism of Soattbrino 

At the instant of formation of the meteor trail the electrons are 
contained in a long column whose diameter is small compared with 
the radio wavelengths used. A simple calculation of the intensity 
of the scattered radio wave from such an assembly can be made if 
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the density of electrons is insufficient to modify the incident radio 
wave. In this case the electrons across the column wiU scatter in 
phase and the number N, scattering coherently, will be those 
contained in a column of length equal to the first Fresnel zone 



where R is the range, and a the number of electrons formed per 
centimetre path by the meteor. 

By introducing the parameters of the radio apparatus it can be 
shown (Lovell and Clegg [17]) that 



where G is the power gain of the receiving and transmitting aerials 
over a half wave dipole, e is the scattered power delivered to the 
receiver, P is the peak transmitter power and (mc^/e^) the inverse 
of the classical electron radius. 

This relationship is capable of experimental verification, since 
£ and R can be measured for a given meteor trail and G, P and A 
are known constants of a given apparatus. Lovell and Clegg [17] 
made simultaneous observation of radio echoes from the same 
meteor trail on different wavelengths and found that the predicted 
relation between u and A was obtained over the range of wavelengths 
used (1*4 m. to 8 m.). 

The above theory also predicts correctly the variation in number 
of echoes recorded as A changes over the range 1*4 m. to 6 m. It 
does not account, however, for the sudden increase in rate found on 
longer wavelengths, and evidently, from the observations of Millman 
and McKinley [16], other scattering processes can also take place 
on these longer wavelengths. 

Herlofson [18] has pointed out that the scattering formula (1) 
may not always apply, oven on frequencies as high as 70 Mc./s., 
since, if the present estimates of line densities are correct, some of the 
brighter meteors will produce concentrations in excess of the critical 
densities for these jfrequencies. He has considered the funda¬ 
mental theory for the cose of a radio wave returned from an electron 
column where the density is sufficient in the core to give zero or 
negative dielectric constant. In this case plasma oscillations will 
be excited in the column if the incident waves are polarised along 
the ionisation gradient, but not if they are x)olarised normal to the 
gradient. For the former case the scattering formula given above 
must be considerably modified, and a rigorous analysis shows that 
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the intensity of the reflected wave may be considerably enhanced. 
Thus, when conditions of negative dielectric constant apply, the 
scattered wave will be returned with greater strength if the electric 
vector is normal to the electron trail. 

According to the data given in § 4 and § 9, a meteor on the limit 
of visibility produces about 10^® electrons/cm. path and at the 
instant of formation the size of the column will be comparable with 
the mean free path—say 20 cm. diameter. Thus the volume density 
in the trail will be of the order of 2-5 x 10’ electrons/c.c. Now the 
critical electron density for refraction of the radio waves varies from 
6-1 X 10’ electrons/c.c. for radio frequencies of 70 Mc./s. to 
11 X 10’ electrons/c.c. for frequencies of 30 Mc./s. Hence, as the 
radio frequency is decreased, increasing numbers of meteor trails 
will possess electron densities above the critical value and the echo 
rate will rise sharply. The effect is augmented because for each 
decrease in visual magnitude 2-5 times as many meteors are incident 
on the atmosphere. 

9. Measurement of Initial Electron Densities in the 
Meteor Trail 

The direct measurements of electron density in meteor trails 
have so far been made by using formula (1) and assuming that the 
simple scattering theory is correct. By carrying out a combined 
visual and radio echo watch it is possible to measure the amplitude 
of the radio echo produced by a visible meteor. This yields e 
and, since R is also measured and G, P and A are known, a can bo 
calculated. The combined experiment has been carried out during 
the 1946 and 1947 Perseid shower [19J and during the 1946 Giaco- 
binid shower [9]. The three sets of results are in good agreement 
and yield values for a between 10® and 10^® electrons/cm. path. 
Although no precise correlations with visual magnitude have yet 
been made, the results indicate that a meteor near the limit of 
naked eye visibility produces about 10^® electrons/cm. path. This 
result is in good agreement with the theoretical values referred to 
in §4. 

The above experiments were made on a frequency of 72 Mc./s., 
at which it is believed that only the very bright meteors produce 
electron densities above the critical value and where the use of the 
simple formula is justified. Experiments are now in progress to test 
this assumption, as a result of which it should be possible to make 
more exact estimates of the line and volume density of electrons 
produced by meteors of given magnitude. 
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10. Observation of the Eleotbon Tbah. durino the Process 

OF Formation 

The electron columns of meteors are created at speeds of 
20 km./seo. to 70 km./sec., and possibly higher for some of the infra 
visual meteors. The normal radio echo observed by eye on a con¬ 
ventional display, therefore, represents scattering from a com¬ 
pletely formed trail. In order to measure the speed of the meteor 
and to study the physical processes occurring as the meteor moves 
through the atmosphere, it is necessary to observe this process of 
formation. Three techniques have been devised which enable this 
to be done. 

(а) Observation of Scattering from the Head of the Meteor Column. 
—^During the 1946 Giacobinid shower. Hey, Parsons and Stewart 
[20] made a continuous record of the activity by displaying the 
received echoes as intensity modulation of a linear range trace. 
This was photographed on a film moving at right angles to the trace 
with a speed of 2-4 mm./sec. Several of these records showed a 
faint, fast-moving echo prior to the formation of the main echo. 
This was attributed to energy scattered from the ionisation at the 
head of the approaching meteor, the main intense echoes being 
observed when the meteor trail crosses the point of intersection 
of the normal from the observing station to the trail. The explana¬ 
tion of this moving head echo appears to be that the density of 
ionisation exceeds the critical value for the frequeney employed. 
On frequencies of 60-70 Mc./s. those are very rarely observed and 
must originate from meteors of exceptional brightness. It is to be 
expected that the phenomenon would become more frequent as the 
radio frequency is decreased. This is found to be the case and a 
large number of such observations have since been made by Miliman 
and McKinley [16, 21, 22J using a frequency of 30 Mc./s. A repro¬ 
duction of one of these records is shown in Fig. 6, Plate I. Since the 
record enables range to be measured against time, it is possible to 
determine the velocity of the meteor. 

(б) Observation of the Diffraction of Radio Waves from the Trail 
during Formation. —^It was first suggested by Herlo&on [6] that it 
should be possible to observe the radio wave analogue of the Fresnel 
diffraction pattern as the column of ionisation is formed across the 
aerial beam. As successive zones are formed when the meteor 
sweeps through the aerial beam the expected amplitude variations 
are as shown in Fig. 7. The practical observation of this pheno¬ 
menon is difficult technically for the following reasons. If we 
consider a typical meteor observed at a range of 300 km. on a 
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radio apparatus working on a wavelength of 4 m., the length of the 
first Fresnel zone (VAR/2) will be of the order of 800 ra. The 
meteor is moving at a speed of, say, 40 km./sec. and hence will move 
through this zone in 0*04 second. The spacing and times for zones 
of higher order will be oven less, and thus any technique for observing 
the phenomenon must be capable of 3 delding information about the 
amplitude of the scattered radio wave in periods of less than 0-04 
second. In order to look for this diffraction phenomenon, Ellyett 
and Davies [23, 24] developed an apparatus in which the amplitude 
of successive radio pulses, scattered from the meteor trail, could be 



Fio. 7.—^Variation in amplitude to be expected duo to diffraction of raciio waves 
from a meteor trail as it is formed across the foot of the per|xindioiilar (P) 
from the observer to the trail. The zone maxima and minima (ABODE) may 
be compared with the actual photograph shown in Fig. 8. 

photographed. If the pulse recurrence rate of the transmitter is 
600 cycles per sec., for example, there will be 24 pulses during the 
time in which the meteor is traversing the first Fresnel zone for the 
case discussed above. It is necessary for the apparatus to be 
initiated automatically by the first scattered pulse returned from 
the meteor trail as it enters the first zone just before the normal 
reflecting^point. Since this is of small amplitude, the apparatus 
must also be able to discriminate against noise impulses in favour 
of a true meteor echo. 

By using this technique Ellyett and Davies found the expected 
Fresnel type fluctuations in a number of meteor records obtained 
with the automatic apparatus. A sample of the echo pattern is 
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shown in Pig. 8, Plato II. By selecting a group of meteors moving 
with the same velocity and by measuring the Fresnel zone separation 
for meteors recorded at different ranges, it was possible to show that 
the analogy with optical diffraction theory holds precisely. The 
technique is directly applicable to the measurement of velocities, 
since the width of the zones can be calculated from the measured 
range, and the time from zone maxima to minima is measured 
accurately. 

A variation in this technique has recently been used by Manning, 
Villard and Peterson [25] and by McKinley [26], These workers 
use the radio pulse technique for measurement of range only, and 
observe the variations in amplitude given by a continuous radio 
wave reflected from the meteor trail beating with the direct ground 
wave from C.W. transmitter to receiver. A sample record obtained 
by McKinley is illustrated in Fig. 9, Plate II. 

(c) Observation of the Doppler Effect ,—In 1941 Chamanlal and 
Venkataraman [27] heard weak whistles of an unusual character 
when they tuned to the unmodulated carrier (7 Mc./s.) at 10 miles 
from the Delhi radio transmitter. By visual correlation these 
workers showed that the whistles were associated with meteors. 
Until recently it has been assumed that such whistles are due to the 
radio wave reflection from the head of an approaching meteor, 
providing the C.W. and audible equivalent of the moving echo 
phenomenon dealt with in (a) above. The theory has been given 
by Appleton and Naismith [28], and also by Manning [29] who 
has used the method for measuring the velocity of approach of the 
meteor. 

McKinley [26], however, has now given convincing arguments 
to show that the majority of the so-called “ dopplcr whistles ” are 
due to the intensity and frequency changes during the Fresnel zone 
formation and are, in fact, the audible and C.W. counterpart of the 
diffraction phenomenon discussed in (6) above. The doppler 
whistle due to reflection from the moving patch of ionisation in the 
vicinity of the meteor head is a much rarer phenomenon and is 
confined to the very intensely ionising meteor. Analysis shows that, 
except near the right-angled reflecting point, there is little difference 
in the velocities derived by using the different assumptions as to 
the mode of production of the whistle. 

11. The Behaviour of the Electron Trail after 
ITS Formation 

Both from the visual appearance of the meteor trail and the 
mechanism of ionisation, it is to be expected that the electrons are 
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initially formed in a long column with a radius of the order of the 
moan free path at the altitude concerned (say 10 cm. at 100 km.). 
Observations of the scattering and diffraction of radio waves, dis¬ 
cussed above, leave little doubt that this primary phenomenon is 
correctly interpreted. 

Immediately after its formation, however, the electron column 
is subject to complex processes involving diffusion, recombination 
and turbulent effects due to winds or other causes in the ionosphere. 
These effects can be studied by observation of the radio echo for as 
long as it exists from a given trail. This subsequent behaviour of 
the radio echo is extremely complicated and is now providing one 
of the most fruitful fields for investigating the physical processes 
taking place in these local events in the ionosphere. A few of the 
main problems will be discussed in this section. 

(a) The Problem of Durations ,—The rates of diffusion for the 
ionised matter in the meteor trails are not known with any accuracy 
but from ionospheric data it is reasonable to assume that the rate 
will be of the order of 1 to 4 m./sec. at 100 km. altitude. If wo 
take the recombination coefficient (N*a) to be 10 ®, then it can be 
shown that the effect of recombination in decreasing the electron 
density in the trail is small compared with the effect of diffusion. 
If, for example, we consider a trail containing 10^® electrons/cm. 
path and take the radius of the column at the instant of formation 
of the order of the mean free path, this gives a volume density of 
about 10® electrons/c.c. 

By integrating the recombination equation 


dN 

dt 


- -aN® 


we find the density Ni after 1 second to bo of the order of 
Ni - 5 X 10’ electrons/c.c. 

Due to diffusion, however, the trail will have a diameter of some 
4 m. after 1 second and the volume density will have decreased, 
due to this cause, to the order of 10® electrons/c.c. 

If, for the moment, wo consider that the column expands with 
radial symmetry then, as an order of magnitude, one can anticipate 
that the radio echo will last until the diameter of the electron column 
is comparable with the wavelength, or until the volume density falls 
below the critical density, according to which of the scattering 
mechanisms dealt with in § 8 is appropriate. It is evident, therefore, 
that if these simple processes alone are operative the radio cohoes 
from meteor trails should have durations from a fraction of a second 
to a second or so ; that a given trail should produce a longer duration 
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echo on longer radio wavelengths and that the duration should 
decrease rapidly with increasing altitude. 

Until recently the experimental evidence has been extremely 
confusing. For example, in the case of a given meteor shower of 
homogeneous velocity, and therefore ionising in a narrow height 
range, the observed duration of echoes extends from < ^ second 
to > 60 seconds on a wavelength of 4 m. [1, 19]. The only well- 
attested relation has been that between wavelength and duration. 
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Scho duration to half amplitude (sec.) 

Fia. 10.—Tho relation between echo duration and velocity measured 
using a radio frequency of 72 Mc./s. 

Simultaneous observations of a given trail on two wavelengths, 
using apparatus of comparable sensitivities, show the expected 
increase in duration with wavelength [1], 

During the past year it has become possible to make more 
quantitative measurements of velocity and duration by using the 
apparatus described in § 10 (6) for studying the diffraction pheno¬ 
menon. Fig. 10 shows the results of an experiment in which the 
durations of echoes were measured simultaneotisly with their velocity 
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on a wavelength of 4 m. [30]. The bulk of the measurements was 
made on the sporadic meteor distribution during the autumn of 
1948 and the results for a homogeneous velocity group (the 1948 
G^minids) are also included. It is evident that these results are in 
agreement with expectation as regards order of magnitude and also 
because the high-velocity meteors have shorter durations. 

Occasionally, however, in some 10 per cent, of oases, the echo 
amplitude shows a phenomenal recovery and the echo can be 
observed for many seconds. For example. Fig. 11, Plate II, shows 
a photograph of a meteor giving normal zone formation, but with 
the amplitude increasing again after this initial process. 

The mechanism which can occasionally produce echo durations 
some hundreds of times longer than “ normal,*’ and which, moreover, 
can retain the electron column as a coherent structure for such a 
period is at present entirely unknown. There is some experimental 
evidence that the direction of formation of the trail relative to the 
earth’s magnetic lines of force is of considerable influence [1], but 
it seems that further progress must await the precise determinations 
of the altitude of the reflecting point from the trail in conjunction 
with velocity and duration measurements. 

(6) FhtcimtioTis. —^The echoes with abnormally long duration 
referred to above show very complex and violent fluctuations in 
intensity during their life. These fluctuations begin as soon as the 
trail is formed ; in fact, in some cases even during the Fresnel zone 
formation, thus obscuring the details of the diffraction pattern. It 
appears that the trail either gives a normal Fresnel zone pattern 
and produces a short-lived radio echo, of the type measured for the 
plots in Fig. 10, or produces an abnormally long-duration, fluctuat¬ 
ing echo. There are very few cases of long-duration echoes with 
steady amplitude or a smooth decay to zero. 

Most of our existing knowledge of these fluctuations comes 
from the technique of Davies and Ellyett [23,' 24] mentioned in 
§ 10 (6); and has been described in detail by Ellyett [31]. Apart 
from the Fresnel zone fluctuations there appear to be two other 
types present in the long-duration echoes: 

(i) A very high-speed amplitude fluctuation of random period 
^ second which begins immediately the trail is formed and con¬ 
tinues for the whole life of the echo. An example of this fluctuation 
is shown in Fig. 12, Plate II. 

(ii) A much slower-period fluctuation which emerges after some 
20 seconds of the echo life and increases in period with time from 
^ I second to about 1 second after 60 seconds life. 

Continuous histories of these long-duration echoes were obtained 
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by Ellyett during the 1949 Perseid shower, on two wavelengths 
(4 m. and 8 m.) simultaneously. The high-speed fluctuation shows 
no correlation between the two wavelengths. It is not yet known 
whether correlation exists between the slower-period fluctuations. 

The cause of these fluctuations is at present obscure. An 
attractive suggestion is that they are associated with the radial 
expansion of the electron column, but a column of electrons with a 
gaussian distribution across its diameter would produce an echo 
steadily decaying to zero, without fluctuations, as it diffuses. In 
fact, it is difficult to see how these long echoes can be associated with 
normally diffusing trails, since after, say, 20 seconds the electron 
density would become far too attenuated to produce any typo of 
echo. The most plausible suggestions are that the fluctuations are 
the result of turbulence in the ionosphere produced by winds or 
some other mechanism. For other reasons Ratcliffe [32J has con¬ 
cluded that turbulent effects exist which would cause fluctuations 
of the correct order of magnitude. 

There are other phenomena not yet explained, such as the range 
drifts of some of the long-duration echoes observed by Hey and 
Stewart [15] and later by Millman and McKinley [16], and the 
occasional complex echo patterns which have been observed by many 
workers, especially on the lower frequencies. A phenomenological 
explanation of these types of phenomenon has been proposed by 
Millman and McKinley [ 16], who suggest that the initial columnar 
form rapidly segregates into electron clusters at various i)oints along 
the original trail, due to the existence of favourable zones in the 
ionosphere. 

It would appear, however, that the central problem is to find the 
mechanism which can maintain a sufficient electron concentration 
for periods of a minute or more against the normal forces of diffusion. 
It should then be possible to form more definite ideas as to the cause 
of the fluctuations and other phenomena. 

12. Other Problems 

There are various other problems associated with meteor ionisa¬ 
tion which should come within the scope of this survey—such as 
the relation of the ionisation to the Sporadic E effects in the E 
region—which have been omitted because little progress has been 
made since previous surveys [1]. 

Finally no attempt has been made to discuss the vital contribu¬ 
tions which are being made to meteor astronomy through the 
ability to study the primary meteoric phenomena unhampered by 
daylight or cloud. 



METEOR IONISATION IN THE UPPER ATMOSPHERE 41 


13. Acknowledgments 

A considerable amount of the work discussed in this survey 
has been carried out at the Jodrell Bank Ex|>erimental Station of 
the University of Manchester. Much of this is unpublished and the 
author is greatly indebted to his colleagues who have made this 
progress possible —especially to Dr. J. A. Clegg, who also road and 
corrected this manuscript. 

Figs. 6 and 9 are from records taken by the workers in Ottawa 
and the author wishes to thank Urs. P. M. Millman and D. W. R. 
McKinley for permission to use these unpublished photographs and 
to refer to results which have been communicated privately. 


REFERENCES 

1. Lovetx, a. (\ H., Phi/a. Soc, Rep, Prog, Phgs,, 11, 415, 1948. 

2. Clegg, J. A., Hi ghes, V. A., Lovell, A. C. B., Mon. Not. Roy. Asfr. 

Soc., 107, 3«9, 1947. 

3. Aspinall, a , (’lego, J. A., Lovell, A. C. B., Mon. Not. Roy. Aair. 

Soc., 109, 352, 1949. 

4. Watson, Fj .etcher H., Proc. Afncr. Phil. Sor., 81, 493, 1939. 

5. Herlofson, N., Phya. Soc. Re]), Prog. Phya., 11, 414, 1948. 

6. ()iTK, E., Acta Univ. Tartu, A26, No. 2, 1933 ; Tartu Oha. J^ubl., 29, 

No. 5, 1937. 

7. Sutton, R. M., and Mouzon, J. C., Phya. Rev., 37, 379, 1929. 

8. Lovell, A. (’. B,, Observatory, 69, 125, 1949. 

9. - Banwell, C. j., Clegg, J. A., Mon. Not. Roy. Astr. Soc., 107, 

161, 1947. 

10. Skellett, a. M., Proc. Inst. Rod. ItJngra., 23, 132, 1935. 

11. Pierce, J. A., Phya. Rev., 71, 88, 1947. 

12. Appleton, E. V., Naismith, R., un<l Ingram, L. J., Phil. Tra'ns. Roy. 

Soc., A236, 191, 1937. 

13. Skellett, A. M., Proc. Inat. Rad. Engrs., 20, 1933, 1932. 

14. Hey, J. S., and Stewart, O. S., Nature, 168, 481, 1946. 

15. - Proc. Phya. Soc., 59, 858, 1947. 

16. Millman, P. M., and McKinley, D. W. R., Proc. Inat. Rad. Engra., 

37, 361, 1919. 

17. Lovell, A. C. B. and Clegg, J. A., Proc. Phya. Soc., 60, 491, 1948, 

18. Herlofson, N., Obaermtory, 68, 230, 1948. 

19. Prentice, J. P. M., Lovell, A. C. B., and Banwell, C. J., Mon. Not. 

Roy. Astr. Soc., 107, 155, 1947. 

20. TIey, j. S., Parsons, S. J., and Stewart, G. S., Mon. Not. Roy Astr. 

Soc., 107, 176, 1947. 

21. Millman, P. M., and McKinley, D. W. R., J. Roy. Astr. Soc. Canada, 

42, 121, 1947. 

22. - Canad. J. Res., 27, 53, 1949. 

23. Ellyett, C. D., and Davies, J. G., Nature, 161, 596, 1948. 

24. Davies, J. G., and Ellyett, C. D., Phil. Mag., 40, 614, 1949. 



42 SC1EI701! PBOORBSS 

25. Mankino, L. a., Viixabd, 0. 0., and PimntsoN, A. M., J. Appl. Phya., 

20, 476, 1049. 

26. MoKinlsy, D. W. R. Private commimioation. 

27. CHAMANLAii and Vbnkatabaman, K., Electrotechnica, 14, 28, 1041. 

28. Appleton, E. V., and Naismith, R., Proc. Phya. Soc., 69, 461, 1947. 

29. Manning, L. A., <7. Appl. Phya., 19, 689, 1948. 

30. Lovell, A. C. B., and Collooguos. Unpublished. 

31. Ellybtt, C. D., PhU. Mag., in the press. 

32. Ratcliffe, J. A., Nature, 162, 9, 1948. 



THE ROLE OF HIGH-ENERGY 
PHOSPHATE BONDS IN BIOSYNTHESIS 

By H. E street, Ph.D., B.So. 

Ledurer in Botany in the UnivenUy of Nottingham ^ 

The conception that biosynthescs take place by a reverflal of the 
degradations effected in vitro by isolated enzymes must be qualified 
in the light of recent work on the thermodynamics of bio-reactions 
and of our knowledge of the role of phosphate bonds in the energy 
economy of the coll. The purpose of the present article is to set out 
briefly the thermodynamic considerations which govern our present 
approach to biosynthesis and on this basis to consider the function 
of phosphate bonds. The introductory sections deal in an elemen¬ 
tary way with the relevant aspects of enzyme reaction kinetics. 
This leads to a consideration of in vitro enzymic syntheses and of 
those synthetic reactions which proceed in vivo by being part of 
a reaction chain leading over-all to a liberation of energy. The 
inability of these processes to account for the in vivo accumulation 
of energy-rich molecules is taken as the starting point for a discus¬ 
sion of the significance of phosphate bonds as energy carriers enabling 
energy liberated in degradations to be spatially transferred to the 
synthetic centres of the cell. The importance of phosphate bonds in 
biosynthesis is further emphasised by a consideration of the evidence 
that the main biochemical pathways of energy liberation have as 
their result the generation of such bonds and by the growing realisa¬ 
tion of the wide range of synthetic reactions in which they 
participate. 

The term “ synthesis ” as applied in organic chemistry merely 
means the conversion of one substance into another more complex 
substance regardless of the thermodynamic considerations. In 
biology the term “ synthesis or assimilation ” implies reactions which 
lead to the formation of substances of higher potential energy 
content (Kalckar, 1941). Thermodynamically a process can bo 
described as having a negative (— JF) or a positive (+ JF) change 
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in free enei^y. If AF is negative the reaction is able to produce 
work (exergonic reaction); if dP is positive then work must be 
expended to cause the reaction to occur (endergonic reaction). The 
free energy change determines the direction and extent of the reaction 
and the terms exergonic and endergonic are therefore to be preferred 
to the terms exo- and endo-thermic which relate simply to the heats 
of reaction. The free energies of formation are related to heats of 
formation by the relationship 

^P = dH - TAB 

where T ~ absolute temperature 

AB = the standard molar entropies 
AK = change of heat content. 

Activation Energy 

The hydrolyses of carbohydrates, fats, proteins and amides, 
catalysed in the living cell by the appropriate enzymes, are exergonic 
reactions, c.gr. : 

anparsf^ase 

H00C.CH(NH,).CH,.C'0NH, + H,0 ^ ■ ■ " * IIOOC.CH(NH,).CH,.COONH4 

MpariiKino ammonium aspartate 

AF (at pH 7 0) — — 3460 cals. (McRary 1942) 

In the absence of the specific enzyme and within certain limits 
of temperature and pH asparagine is stable in solution, i.e. it does 
not undergo spontaneous hydrolysis at a measurable rate. Energy 
is required to initiate the reaction. Despite the fact that the 
hydrolytic reaction releases energy, energy must first be supplied. 
This energy is required to “ activate ” the molecules and is termed 
the activation energy. Generally an activation energy is required 
in all bimolecular reactions. A molecule must change from the 
‘‘ passive ” to the “ activated ” state in order to react and once 
initiated the reaction proceeds with a finite velocity, i,e, the mole¬ 
cules do not all react simultaneously but only those which at any 
given moment are activated. The number of molecules undergoing 
chemical change per second (the velocity coefficient, k, when the 
concentration of each reactant is unity) = X constant A, 

whore c-e/rt _ Boltzmann factor 

E = the energy of activation (cal. per gm./mol.) 
R = the gas constant (1'9869 cals, per degree) 

T = the absolute temperature. 

The activation energy is the excess kinetic energy possessed by the 
reacting molecules and can be experimentally determined by plotting 
the log of the velocity constant {k) against the reciprocal of T when 
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the slope of the line multiplied by R gives — E. Whore two or more 
molecules react together the reaction will only occur when such 
activated molecules collide and in the equation given above the 
constant A is a collision or frequency factor. The energy barrier 
represented by the activation energy can be represented diagram- 
matically as in Fig. 1. 


A-B-C 



Fio. 1.—Diagrammatic reprosontation of tho energy levels involved in tho 
enzyme catalysod reaction 

A -h BC ^ AB + C 

whore : E ^ activation energy of tho forward renction, 

E' = activation energy of the reverse reaction, 

AH ~ change in heat content, — for the forward reaction and 
for the reverse reaction. 


From the Arrhenius equation it follows that E can be calculateil 
from the temperature coefficient of the reactions. 

E/T,^T,\ 

it- / 


E 


R(TiT2) , 
T.-T, k. 


where hi == velocity constant at Tj® 


*1 = „ „ at 

k 

7 ^ = temperature coefficient, whore T, = + 10°. 

Temperature ooeffioients for most enzyme catalysed reactions 
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when measured over the range 20-30° C. fall within the range 1*26 to 
2-5, corresponding to energies of activation ranging from 3900 to 
16,100 cals, per mol (Sizer 1943). The energy of activation for 
sucrose inversion by acid calculated in this way gives at 25° C. the 
value 26,660 cals, per mol. (Lamble and Lewis, 1916). The tempera¬ 
ture coefficient (26-35°) for the enzyme (yeast saccharase) catalysed 
inversion of sucrose is given as 1*61 (Nelson and Bloomfield, 1924) 
corresponding to an E value of almut 8700 cals. Enzymes in 
common with other surface catalysts lower considerably the activa¬ 
tion energy. A bimolecular reaction with E less than 20,000 cals, 
per mol. will have a measurable velocity within the physiological 
temperature range, but with values of E above this level tempera¬ 
tures beyond the upper limit of the physiological range will be 
required for activation. Enzymes by lowering the activation energy 
make possible biochemical reactions which in their absence will only 
proceed under physical or chemical conditions incompatible with life. 

The Rkvebsibiuty op Enzymb-oatalysbd Reactions 

Reactions characterised by low energies of activation and by 
small changes in free energy will be readily reversible. It has been 
shown that a number of enzyme reactions are reversible and this 
may apply to enzyme reactions in general. The enzyme will then 
catalyse both the forward and reverse reaction by reducing both 
E and E' (energies of activation of the forward and reverse reaction) 
to a similar extent. The position of equilibrium will therefore be 
unaffected and only the rate of achievement of the equilibrium will 
be speeded up. V^ere the forward reaction is exergonic the back 
reaction will proceed at a lower velocity (a smaller number of mole¬ 
cules will be activated per second) and the greater the free energy 
change (dF) the more will the position of equilibrium lie in the 
direction decreasing the free energy of the system. It has been 
shown (Lewis and Randall, 1923) that the following relationship 
applies 

dF = - RTlnK = - 4-68TlogK 
where K = the equilibrium constant. 

The application of this equation can be illustrated by considering 
the reaction 

NH 4 + fumarate" ^ 2 -aspartate' 

- 18,410 - 143,430 - 166,760 

oals. oals. cals. 

catalysed by aspartase. Using data for the free energies of forma¬ 
tion of the ions at 37° C. (Borsook and Huffman, 1933), as shown 
ekpye, the free energy change (dF,!,) calculated from the thermal 
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data is — 3920 calories. The equilibrium established in this reaction 
when catalysed by the aspartase of B. coli (Quastel and Woolf, 1926) 
at 37° 0. and pH 7-4 was 

NH 4 * + fuinarato" ^aspa^tato' 

(0 028 M.) (0 028 M.) (0 072 M.) 

From which K can be calculated taking into account the appropriate 
activity coeflScients thus : 

K _ _ ^ 417 

(0*028){0*7)(0*028)(0-22) 

from which the riFaio calculated from the Lewis and Randall 
equation has the value — 3720 calories. 

The Lewis and Randall equation explains why in vitro many 
enzymes appear to catalyse only the degradation of their substrates 
and why for reactions with a large zlF this degradation appears to 
be complete. Thus the oxidative deamination of d-alanine by the 
d-amino acid oxidase of animal tissues: 

c2-a1anine* + pyruvate' -f NH 4 * 

has /^Ffts = — 39,470 cals, and 

K = (p yruvate')( NH/) ^ 

(d-alanine*)tiOa) 

If however the reaction is reversible it is moving to equilibrium and 
in vivo the enzyme will be capable of synthesising the amino-acid, 
provided that the cell is able to eflFect a continuous removal of the 
synthesised material from the sphere of reaction. The possibility 
that enzymes which in vitro effect what appears to be a complete 
degradation of their substrates may in vivo be responsible for their 
S 3 mthesis was first clearly visualised by Tammann (1892) and Van’t 
Hoff (1898). Evidence for the reversibility of certain enzyme- 
catal3rsed hydrolyses has been obtained by A. C. Hill (1898), 
Bourquelot et aL (1911-19) and subsequent workers. 

In Vitro Enzymic Syntheses 

Bourquelot and Bridel (1911-12) synthesised and isolated in 
crystalline form /ff-ethyl-glucoside by the interaction of glucose and 
85 per cent, ethyl alcohol in the presence of emulsin. By a similar 
procedure other jS-glucosides were synthesised in the presence of 
emulsin and the concentration of glucoside at equilibrium was shown 
to be affected by the percentage of alcohol present (Bourquelot and 
Verdon, 1913). Kastle and Loevenhart (1900), Pottevin (1904), 
Welter (1911) and Armstrong and Gosney (1914) have synthesised 
esters of fatty acids by lipase acting in the absence of water. ^ 



48 


SCIENCE PROGRESS 


Wastaneys and Borsook (1930) and other workers have reported 
the B)nithesi8 of protein-like material (plastein) when mixtures of 
amino-acids were treated with proteinases and oxygenated or 
treated with oxidising agents. These reported B 3 nithe 8 es of protein 
have not proved capable of repetition in the hands of other workers 
(Linderstrom-Lang and Johansen, 1939 ; Strain and Linderstrom- 
Lang, 1939). It was contended by Wastaneys, Borsook and others 
that the reduced form of the enzyme was active in promoting protein 
hydrolysis and the oxidised form in promoting synthesis. There is 
no justification for this view. The activity of papain and other 
plant proteinases as judged by their hydrolytic activity is dependent 
upon the presence of free sulphydryl groups and treatment with 
oxidising agents only serves to inactivate the enzyme. 

The ability of proteolytic enzymes to synthesise the peptide 
linkage is, however, clear from the work of Bergmann et al, Borsook 
and Dubnoff (1940) have calculated that the free energy change* on 
hydrolysis of the peptide bond in alanylglycine in aqueous solution 
at 25® C. is — 4000 cals., corresponding to K (hydrolysis) = 866. 
The position of equilibrium starting with an initial concentration of 
0*1 M. peptide is at 99*99 per cent, hydrolysis, or with an initial 
concentration of 1*0 M. at 99*88 jK)r cent, hydrolysis. The equilib¬ 
rium therefore lies almost entirely on the side of hydrolysis and the 
in vitro synthesis of peptides from their constituent amino-acids by 
proteolytic enzyme will only be possible if the solubility of the 
synthetic product is smaller than its concentration at equilibrium. 
Bergmann and Behrens (1938) found that, when cysteine-papain, 
at 40® C., was added to a solution containing ecpiivalent amounts 
of acetyl-D//-phenylalanylglycine and aniline, then after several 
minutes a copious crystallisation of acetyl-L-phenylalanylglycino 
anilide occurred. Making use of the low solubility of the peptide 
anilides, Behrens and Bergmann (1939) demonstrated the enzymic 
formation of genuine peptide bonds by reactions such as : 

Ben'4oyl-L-phonylalanylglycino -f glycine anilide —> 

Bcnzoyl-L-phenylalanylglycylglycino anilido 
Carbobenzoxy-L-phenylalanylglycine -f glutamic acid anilido —> 

Carbobenzoxy-L-phonylalanylglycylglutamic acid anilido 

In these peptide syntheses, therefore, the energy required for peptide 
synthesis comes from the process of crystallisation whereby the 
synthetic product is removed from the sphere of reaction. The 
synthetic endergonic reaction should also continue in homogeneous 
solution if the synthetic product could be removed by forming the 
substrate of a second exergonic reaction, f.e. by the existence of a 
feoupled reaction sequence. It has frequently been observed that 
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peptides which are perfectly stable in contact with a certain proteo¬ 
lytic enzyme are sometimes attacked by the same enzyme after a 
second peptide or a complex mixtu’*e such as casein or blood serum 
has been added. Behrens and Bergmann (1939) found that glycyl- 
L-leucine was not hydrolysed by cysteine-activated papain, but was 
hydrolysed when acetyl-DL-phenylalanylglycine was added to the 
solution. Equimolecular amounts of the two peptides in the 
presence of papain combine by an equilibrium reaction to give a 
small amount of the tetrapeptide acetyl-L-phenylalanylglycyl- 
glycyl-L-leucine. The tetrapeptide is at once acted upon by the 
enzyme and first an L-leuciiie and then a glycine residue is released. 
The result is a hydrolysis of glycyl-L-leucine, but it is accomplished 
by a series of three reactions, the driving force for the first synthetic 
reaction being provided by the subsequent enzyme hydrolysis of the 
acetyl tetrapeptide : 

► acotyl-Di>-phonylalanyIglycint) f glycyl-L-loucinn 

1 

acetyl-X-phonylalanylglycylglycyl-L*louuino 

11 

acetyl-//-pli(mylalanylglycylglyciiie -I- L-leucino 

u 

— acetyl-I/-phenylalaiiylglycine + glycine 


Synthesis by Coupling with an Exergonic Reaction (hiAiN 


The decarboxylations of pyruvic and oxalacetic acids are 
catalysed respectively by the enzymes carboxylase and oxalacetic 
carboxylase. In experiments with radioactive carbon dioxide 
Carson et al, (1941) have obtained evidence for the reversibility of 
pyruvic decarboxylation. Workman and Wood (Workman and 
Wood, 1942; Kalnitsky and Workman, 1944) have obtained 
evidence that the heterotrophic assimilation of carbon dioxide 
characteristic of many micro-organisms involves a reversal of 
oxalacetic acid decarboxylation. This Wood-Werkman reaction 
also seems to be involved in organic acid synthesis by the green 
plant (Ruben and Kamen, 1940 ; Bonner and Bonner, 1948), The 
carboxylation of pyruvate to oxalacetate is markedly endergonic, as 
shown by the calculated free energies of formation (38° C.) of the 
reactants (Evans et aL, 1943). 

pyruvate' 4 “ ^ oxalac(*tato" 4 - H^O 

- 106,460 - 139,200 - 184,210 - 56,200 

cals. cals. cals. cals. 


JF 311 — 4- 6250 cals, 
(oxalacetate") ^ 
(pyruvate')(HC 03 ') 


io-» 
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The equilibrium therefore lies almost entirely on the side of 
decarboxylation. In vivo the fixation of carbon dioxide by this 
reaction must imply its coupling with an exergonic reaction or chain 
of reactions. Carbon dioxide fixation by pyruvate has been shown 
to be coupled with oxidation of lactate and with formation of 
succinate, and on this basis Ochoa (1946) has suggested that the 
fixation reaction is linked with the reaction chain as shown (where 
DPN = Co-enzyme I, diphosphopyridine nucleotide): 


pyruvate 4- COj 

oxalaoetio 

- oxalacetate 

oarboxylaae 

oxalacetate + DPN.Hg 

malic 

^ If-malate 4- DPN 

dehydrogenase 


JF for forward 
reaction 

-h 5250 oalfl. 


— 8300 cals. 


L( + )lactate -f DPN 


laotio 


dohydrogenaee 


pyruvate + DPN.H, 4- 4600 cals. 

-f 1550 cals. 


jr ^ _(Z /-malate") ^ ^ , 

(L-lactate')(HCO,') “ 

If further malate was converted to fumarate and the fumarate 
reduced to succinate we have : 


L-malatc 
fumarate + 2H 


fumaraae 

fumarate 


hydrogonase + 

L , ... =i succiivate 

fuxnario reduotaee (?) 


+ 1550 cals. 

4- 705 cals. 

~ 20,4 50 cals. 
~ 18,195 cals. 


Thus if carbon dioxide fixation is linked with a reaction chain ending 
with succinate formation it would proceed almost to completion. 
The oxalacetate is removed as synthesised by a series of reactions 
which proceed over-all with a marked decrease in free energy. The 
synthetic (endergonic) reaction is achieved by coupling it with energy 
yielding (exergonic) reactions in a biochemical reaction chain. 

The action of the dehydrogenases can be represented by the 
general reaction 

■peoifio 

AH. + Co-enzyme . .. A + reduced Co-enz 3 rme 

oxidiMkble apoencyme oxidised 

subatrate (dehydrogenaae) aubstrate 

The reversible nature of these reactions is supported by many 
in vitro experiments. Calculations of the free energy changes (dF) 
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involved have been made either from the equilibrium constants or 
from the potential difference between the two reacting systems in 
the oxido-reduction using the relationship 

— AF — »FdE 


where JE = potential difference in volts 
n = number of electrons involved 
P = the faraday (96,600 coulombs) 

AF — change in free energy in joules (1 calorie = 4-18 joules). 

The following may be cited as examples: 

JF (o&la.) 
for forward 

lootio roaotion 


L( -f )lactato DPN. 

dehydrogenaao 


L(+)malato 4- DPN. 

othyl alcohol 4- DPN. 

3 -phosphogly coraldohydo 
4- phoflphate 4- DPN 


malio 

.. . ^ 
dohydrogonase 
alcohol 

—■ -.. , i-.a^ 

TT . . — 

dehydrogenase 

trioBophosphato 

dehydrogenase 


pyruvate 4- DPN.Ilj 4- 4600 

oxalocotato \- DPN.Hg 4- 8300 

acetaldehydo 4- DPN.Hj 4* 6000 

1:3-dii>hosphoglycoric 
acid + DPN.Hj + 400 


Therefore, except in the case of the triosephospbate dehydrogenase 
reaction, the equilibrium lies almost entirely to the left, e.g. 


(lactate)(DPN.) 
(pyruvate)(DPN. H,) 


= 141 X 10« at pH 7-4 


(Euler, Gunther and Hellstrom, 1937), 

Oxidation will therefore only continue if the oxidised product is 
removed in a linked reaction or a mechanism exists to re-oxidiso 
the reduced co-enzyme so as to maintain a very low level of 
reduced co-enzyme. Under anaerobic conditions the continued 
oxidation of 3-phosphoglyceraldehyde will be maintained by the 
regeneration of DPN, either in the reduction of pyruvate via 
acetaldehyde to alcohol (as in yeast fermentation) or to lactate (as 
in muscle glycolysis). Under aerobic conditions the oxidation of 
pyruvate via the tricarboxylic acid cycle (modified Krebs-Johnson 
cycle) will require constant oxidation of reduced co-enzyme by the 
flavoprotein-cytochrome system. The equilibrium 
DPN.H, DPN. + 2e + 2H+ 

will depend on the oxidation-reduction potential between the 
reacting systems in the oxidation chain linking the phosphopyridine 
nucleotides (co-enzymes) with molecular oxygen. Fig. 2 compiled 
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firom data presented by Clark (1938) and Ball (1939) shows the 
values in volts and JF in calories calculated from the equation 
- JF = »FJE. 



2H' 


Fio. 2.—Oxidation reduction potentials cuid free energy changes involved in the 
transfer of two hydrogen electrons from reduced phosphopyndine nucleotide 
(co-enzyme) to oxygon. 

Each oxidation step in this chain proceeds with a large fall in free 
energy and therefore the phosphopyndine nucleotide will be main¬ 
tained almost completely in the oxidised form. The endergonio 
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dehydrogenations cited above are therefore maintained in the 
direction of oxidation by coupling with the oxergonio reactions which 
complete the hydrogen transport train. 

The Retention of Free Energy by Synthesis of Energy-rich 

Phosphate Bonds 

In contrast with the other dehydrogenase reactions cited, 
the triosephosphate dehydrogenase reaction is characterised by 
a small change in free energy. Ochoa (1946) gives the value 
AF = ca. + 400 cals, for the oxidation reaction calculated from the 
equilibrium constant. The data of Meyerhof and Junowicz- 
Kocholaty (1943) indicates for the reaction 

S^phosphoglycoraldohydo -h DPN. ^ 3-phosphoglyceric acid + DPN.H| 
a AF value of ca. — 10,000 cals. 

The small energy change involved in the reaction : 

3-pho8phoglyceraldohydo -f phosphate -f- DPN. ^ 

l:3-dipho8phoglyceric acid -f DPN.H, 

is therefore due to coupling of the oxidation with the creation of 
a carboxyl-phosphate bond (.COO^^ph). In the absence of adenosine 
diphosphate (ADP) the l:3-dipho8phoglyceric acid accumulates, 
but in its presence a transphosphorylation takes place (Nogelein and 
BrOmel, 1939) 

l:3-dipho8phoglyceric (icid -H ADP. ^ 3-phosphoglycoric acid -f ATP. 

The carboxyl-phosphate group has a free energy content of the order 
of 10,000 cals. (0-24 v.). This high energy content of the COO'^ph 
in the diphosphoglyceric acid is correlated with its instability (half¬ 
time of decomposition 27 minutes). The retention of free energy 
by the simultaneous synthesis of COO'^ph has converted an other¬ 
wise markedly exergonic reaction into one involving only a small 
free energy change, and makes possible the generation of a pyro¬ 
phosphate bond of adenosine triphosphate (ATP) for this oxidative 
step in glycolysis. A similar mechanism is involved in the genera¬ 
tion of the second pyrophosphate bond arising during the glycol 3 diio 
breakdown of triosephosphate. This second p 3 rropho 8 phate bond 
is formed by a transphosphorylation reaction with enolphospho- 
pyruvate 

phospho-eno 

onolphosphopyruvate 4- ADP ^ —■ ■ ■ .^ pyruvate -f ATP 

transphosphorylase 

This reaction has been shown to be reversible (Lardy and Ziegler, 
1946), although the equilibrium corresponds to almost complete 
dephosphorylation of enolphosphopyruvate (dF = co. — 3000 cals.). 
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The origin of the enolphoaphopyruvate firom 2-pho8phoglyoerate can 
be represented 

CH,OH OT. 

—H,0 II 

CHO—ph ^ - ■‘a C.O~ph 

I +H.0 I 

COOH COOH 

2 -pho^ho enolpho^phopyruvio aoid 

glyoerio aoid 


This reaction involves very little change in free energy and is readily 
reversible. The energy-rich enol-phosphate bond (C:C.O^ph) 
arises from an intramolecular redistribution of energy and the free 
energy retained by its formation can be calculated by consideration 
of the equations (a), (6) and (c). 

(a) hydrolysis of the ester phosphate bond in 2-phosphoglyoerate 

dF 


CH,OH 

^HO—ph H,0 

ioOH 


CH,OH 

CHOH + H,P04 

ijOOH 


— 3000 cals. 


(6) dehydration of glycerate to pjmivate (Lipmann, 1946). 

glyceric acid —► H,0 + pyruvic acid — 12,950 cals. 

Therefore 


(c) _ 

2-phosphoglycerio acid —► pyruvic acid 4- phosphate — 15,950 cals. 


A free energy content of ca. 16,000 cals is retained in the C:C.O<^h 
bond, and an otherwise markedly exergonio reaction is rendered 
reversible. 

A further example of the conservation of chemical energy in the 
form of energy-rich phosphate bonds (~ph) is provided by the acetic 
fermentation of B. coli. The hydroclastic breakdown of pyruvate 
to acetate + formate : 

CHj.CO.COO' -t- H,0 CHj.COO' -1- HCOO' + H- 

is a strongly exergonio reaction (riF = — 17,400 cals.). Cell free 
extracts of B. coli, in the presence of phosphate (Kalnitsky and 
Werkman, 1943), effect a phosphoclastio breakdown of pyruvate 
thus: 

CHj.CO.COO' + HOPO, CH,.COO~PO." 4- HCOO' 

This equilibrium reaction is much less markedly exergonio than the 
hydroclastic split and has riF = — 2500 cals., so that 

K — ^ (phosphate) _ ^ 

(acetyl phosphate) x (formate) 
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In the absence of adenosine mono- (AMP) or diphosphate (ADP) the 
acetyl phosphate accumulates. In the presence of AMP or ADP 
a transphosphoiylation occurs leading to the synthesis of an energy- 
rich polyphosphate bond. The reaction : 

CH,.COOPO," + ADP CHj.COO' + ATP 
has dF = — 2400 cals. 

The Ester Phosphate Bond 

The energy-rich phosphate bonds ('~ph) considered in the above 
examples all have energy contents ranging from 10,000-16,000 cals. 
(Lipmann, 1941). Compared with such bonds the more stable ester- 
phosphate linkages such as occur in phosphoglycerate and in the 
hexose phosphates yield on hydrolysis ca. 3000 cals. These ester- 
phosphate linkages are, however, also of importance as mechanisms 
for the conservation of energy and their formation renders certain 
biochemically important reactions readily reversible. 

The breakdown of glycogen in yeast, muscle and other animal 
tissues has been s^own to be associated with esterification of 
inorganic phosphate and, conversely, its synthesis to be associated 
with liberation of inorganic phosphate (c/. Science Progress, 1946, 
136 , 779). From these and other tissues Cori and his co-workers 
(1936-38) have prepared enzymes (phosphorylases) which in the 
presence of a trace of adenosine monophosphate (AMP) catalyse 
a phosphorolysis of glycogen or starch with formation of glucose- 
1-phosphate (Ck)ri ester). The reaction can be represented (Suther¬ 
land, Colowick and Cori, 1941) 

77 % 

glycogen -f phosphate > glucose-l-phosphate 

23 % 

Eaessling (1939) calculated that: 

jj. _ inorganic phosphate _ g g 
glucose-l-phosphate ~ 

corresponding to a dF = -{- 1100 cals. 

A synthetic polysaccharide of the glycogen type was synthesised 
from glucose-l-phosphate in the presence of phosphorylase and a 
catalytic amount of glycogen to act as a “ starter ” (Kiessling, 1939 ; 
Bear and Coti, 1941). 

Hanes (1940) has isolated a phosphorylase from potatoes and 
peas, for which AMP is not an essential co-enzyme. Using this 
enzyme, Hanes has synthesised a polysaccharide closely resembling 
in properties and X-ray structure (Astbury, Bell and Hanes, 1940) 
the amylose fraction of starch. More recently evidence has been 
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obtained for the, presence in potato of a second enzyme (Q-enzyme) 
which, acting in conjunction with purified phosphorylase (P-enzyme), 
effects the conversion of glucose-1-phosphate into a polysaccharide 
closely resembling the amylopectin fraction of starch (Haworth, Peat 
and Bourne, 1944 ; Bourne and Peat, 1945). 

Starch may undergo cither hydrolytic or phosphorolytic break¬ 
down. The hydrolysis of starch by amylases leads ultimately to 
maltose and this may be further hydrolysed by maltase to free 
glucose. There is no evidence for the reversibility of this oxergonic 
hydrolysis, and the biological mechanism of synthesis is almost 
certainly a dephosphorylative condensation in which energy 
liberated by breakage of ester phosphate linkages becomes stored 
in the a-glucosidic linkages of the polysaccharide molecule. The 
reversibility of the phosphorolytic breakdown is due to conservation 
of the energy liberated as ester phosphate bond energy. 

Sucrose is hydrolysed by saccharase (/J-fructofuranosidase) to 
give invert sugar, an equimolecular mixture of glucose and fructose. 
There is no evidence that sucrose can be synthesised by reversal 
of this exergonic reaction. A sucrose phosphorylase, free from 
saccharase and phosphatase action, has been isolated from Pseudo¬ 
monas saccharophila (Doudoroff, 1943; Doudoroff, Kaplan and 
Hassid, 1943) and from Levconostoc mesenteroides (Kagan, Lyatker 
and Tsvasman, 1942). This catalyses the reaction : 

sucrose 4- H,P04 ^ glucose-1-phosphate + fructose 

for which 

_ (sucro8e)(phosphate) 

(glucose-l-pho8phate)(fructoso) 


has been approximately determined at 30° C., and the values 
obtained were 0 05 (pH 6*6) and 0 09 (pH 5-8) (Doudoroff, 1943). 
The phosphorolysis therefore proceeds with a smaller decrease in 
free energy than the hydrolysis. Starting with Cori ester and free 
fructose, a crystalline product identical with natural sucrose has 
been synthesised (Hassid, Doudoroff and Barker, 1944). This 
agrees with the evidence brought forward by Isbell and Pigman 
(1938) for the existence of an equilibrium between the p 3 nranose and 
furanose forms of fnictose. The total system can therefore be 
represented 


sucrose 4- H3PO4 


c —- ■ ■ ^ glucose-1-phosphate 4- fructofuranose 

phosphorylase 

fruotopyranose 


The distribution of sucrose phosphorylase has not yet been 
systematically studied. There is, however, indirect evidence that 
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sucrose synthesis in the sugar cane i>lant involves phosphorylation 
(Hartt, 1943, 1944); and Calvin and Benson (1949), in a study of 
photosjmthesis in Chlorella pyrenoidosa using radioactive 
have shown that the first sugar to be formed is a fructose mono¬ 
phosphate, followed rapidly by the appearance of a glucose mono¬ 
phosphate, and that from these sucrose is synthesised and appears 
as the first free sugar. The mechanism of sucrose biosynthesis is 
therefore a further example of the utilisation of ester phosphate 
bond energy for the synthesis of a glycosidic linkage. 

The Generation of Energy-rich Phosphate Bonds 

The formation of energy-rich phosphate bonds ('^ph) not only 
renders certain reactions readily reversible but constitutes, through 
transphosphorylation reactions with adenosine pyrophosphate, a 
mechanism whereby energy can be transferred from energy-liberat¬ 
ing to energy-consuming systems. The synthesis of pyrophosphate 
bonds therefore represents a mechanism whereby the energy liberated 
by glycolysis and aerobic respiration can be used in biosynthesis. 
The significance of this mechanism becomes apparent when we 
consider the quantitative relationship between energy liberation in 
carbohydrate breakdown and adenosine triphosphate synthesis and 
when we examine the range of action of adenosine triphosphate as 
the source of energy for the synthesis of cell constituents. 

The overall reaction for the glycolytic breakdown of glucose to 
ethyl alcohol is : 

CeHijO* = 2COa + 2 CaH 50 II 
AF - 50,000 cals. 

The breakdown of two molecules of triose phosphate by the 
Embden-Meyerhof reaction sequence (Mann and Lutwak-Mann, 
1944) leads to the synthesis of 4 x ^ph in ATP. Two of these 
bonds are utilised for the synthesis of fructose-1-6-diphosphate 
(Harden-Young ester) from free glucose i>rior to its fission by the 
enzyme aldolase (zymohexase). Therefore during the anaerobic 
breakdown of glucose some 40 per cent. (2 x --^ph = ca. 22,000 cals.) 
of the total free energy available is transformed into phosphate bond 
energy. 

The overall reaction for the aerobic respiration of hexose can 
be represented: 

CeHj.O -h 60, = 6CO, 6H,0 
AF ^ — 674,000 cals. 

The complete oxidation of pyruvate has been calculated to 3 deld 
274,310 cals, per mol. (Ogston and Smithies, 1948). From studies 
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employing mammalian tissues there has been obtained oonvinoing 
evidence of the coupling of pyruvate oxidation with phosphorylation. 
Pyruvate oxidation takes place in mammalian and at least in some 
plant tissues by the operation of a tricarboxylic acid cycle (Krebs, 
1943). £[alckar (1939), using extracts of mammalian kidney, 
showed that both respiration and the conversion of inorganic to 
organic phosphate were stimulated by alanine (which would yield 
pyruvic acid on oxidative deamination), glutamic acid (which would 
yield a-ketoglutaric acid), citric, malic and fumaric acids. The 
phosphorylation was not inhibited by fluoride, which blocks normal 
glycolysis by inhibiting enolase, and therefore resulted directly from 
oxidation of the added acids. Colowick et al. (1940), also using 
kidney extracts, have demonstrated the association of phos¬ 
phorylation with oxidation of pyruvic and succinic acids. Ochoa 
(1943a, 1944) has shown that phosphorylation is associated with 
oxidation of a-ketoglutarate to succinate, and Mufioz and Leloir 
(1943) have obtained a similar result in studying the oxidation of 
malate to oxalacetate. It is therefore possible that energy-rich 
COO<'*'ph is generated during the oxidative steps of the tricarboxylic 
acid cycle. Quantitative studies by Ochoa (1944, 19436), using 
pigeon brain dispersions and heart muscle extracts, indicated that 
as many as 6 molecules of phosphate were taken into organic 
combination per molecule of oxygen used. The oxidation of 
pyruvate can be represented: 

CH.CO.COOH + 60 -> 3CO, + 2H,0 

On this basis no less than 16 energy-rich phosphate bonds would 
appear to be generated per molecule of pyruvate completely oxidised. 
It is difficult to visualise how this could occur either entirely or even 
in greater part through phosphorylation of the intermediates in the 
tricarboxylic acid cycle. This difficulty is emphasised by the 
established endergonic nature of certain of the oxidative steps in 
this cycle. The hydrogen transport chain, whereby hydrogen is 
removed from reduced co-enzyme and ultimately unit^ with oxygen 
(Fig. 2), is however characterised by a sequence of reactions each 
making available sufficient energy to synthesise an energy-rich 
phosphate bond. Lipmann (194M) has outlined the hypothesis 
that 3 X <^ph are generated during the transport of each pair of 
hydrogen electrons firom co-enzyme to oxygen, and this has received 
experimental support in the researches of Friedkin and Lehninger 
(1949) and Lehninger (1949). If we assume that only 16 x -^h 
are generated per molecule or pyruvate oxidised, then per molecule 
of glucose tmdergoing aerobic respiration we have generated: 
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By glycolysis 2 x «= 2 x 11,000 *= 22,000 cals. 

By aerobic oxidation of two molecules of p3mivate 

30 X « 30 X 11,000 « 330,000 cals. 

352,000 cals. 

which represents ca. 52 per cent, of the total free energy available. 
The efficiency with which energy liberated in carbohydrate break¬ 
down is converted into /^ph indicates that, in all probability, the 
whole of that fraction of the respiratory energy which is utilisable 
in cell metabolism passes through a stage when it takes the form of 
phosphate bond energy. 

Phosphate bond energy appears to be the direct source of energy 
for CO, assimilation in Thiobacillus thio^oxidans. This autotrophic 
sulphur bacterium effects the oxidation of elementary sulphur 
according to the equation : 

2S -f 30, + 2H,0 - 211,80, 

JF = ~ 141,800 cals. 

The energy thereby liberated is utilised by the organism to effect 
a chemosynthesis of carbohydrate from CO,. Vogler and Umbreit 
(1942) and LePage and Umbreit (1943) have shown that sulphur 
oxidation, in the absence of CO„ is coupled with absorption of 
phosphate from the medium and synthesis and accumulation of 
organic phosphorus. Organic phosphorus so accumulated could 
subsequently be utilised to effect CO, assimilation when sulphur 
oxidation was not proceeding, and under such circumstances 
inorganic phosphate was liberated. When sulphur oxidation and 
CO, assimilation proceeded concomitantly no accumulation of 
organic phosphorus occurred. These results constituted strong 
circumstantial evidence that the energy liberated by sulphur 
oxidation was converted into phosphate bond energy and that this 
could be used to effect carbohydrate synthesis from carbon dioxide. 

Emerson et al. (1944) have put forward the h 3 q)othesis that in 
photosynthesis light energy is converted directly into phosphate 
bond energy (for each quantum of light absorbed one ^ph is 
generated), and that energy in this form is utilised in the biochemical 
reactions involved in CO, assimilation. The effect of irradiation 
on the distribution of phosphorus within the different organic- 
phosphorus fractions of the cells of ChloreUa was regarded as sup¬ 
porting this hypothesis, Aronoff and Calvin (1948), in experiments 
using radioactive phosphate and “ grana,*' leaves and ChloreUay 
have been unable to confirm that any significant changes in phos¬ 
phorus distribution take place directly as a result of irradiation. 
Furthermore irradiation of photosynthetic cells in absence of CO, 
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does not build up any capacity to effect CO| assimilation in a 
subsequent dark period such as would be expected to occur if light 
energy was directly converted into phosphate bond energy. The 
hypothesis also faces a further theoretical objection, for on the 
basis that 10 quanta are absorbed per molecule of COj reduced 
(dF — + 130,000 cals.) it seems necessary to postulate the genera¬ 
tion of 2 X ~ph per quantum. Such a performance would require 
the existence of a mechanism whereby the energy of the excited 
chlorophyll molecule could be divided between two phosphate bonds 
(Gaffron, 1946). The recent work of Calvin and Benson (1948, 1949) 
on the assimilation of 0**0* by Cklorella does, however, show that 
phosphorylatod intermediates (phosphoglycerio acids, triose phos¬ 
phates, and hexose phosphates) are involved not only in carbo¬ 
hydrate breakdown but also in carbohydrate synthesis. 

The Utilisation op Eneeoy-eich Phosphate Bonds 
IN Synthesis 

Adenosine triphosphate is able to effect the 8}mithe8is of hexose 
phosphates through the agency of the hexokinase of Meyerhof 
(1927) and therefore is involved in polysaccharide and disaccharide 
syntheses from free monosaccharides. These reactions are essen¬ 
tially irreversible, due to the large decrease in free energy involved 

glucose -(- ATP —► glucose-S-phosphato + ADP 
JF — ea. — 8000 cals. 

Krebs (1936) has shown that in kidney cortex and brain tissues 
the synthesis of glutamine is linked with aerobic respiration and that 
hydrocyanic acid inhibits the synthesis of glutamine to approxi¬ 
mately the same degree as it inhibits respiration. Under anaerobic 
conditions no glutamine synthesis takes place in the tissues and 
in vitro glutamine is completely converted to ammonium glutamate 
in the presence of the hydrolytic enzyme glutaminase. Speck (1947) 
and Elliott (1948) have now shown that ATP is the energy donor 
for glutamine synthesis in animal tissues and Elliott has suggested 
the intermediate formation of glutamylphosphate (containing the 
group COO'^ph). Glutamine synthesis therefore appears to take 
place by a dephosphorylative condensation rather than by a reversal 
of hydrolysis. 

Borsook and Dubnoff (1940). in a study of the metabolism of 
liver slices, have shown that the synthesis of hippurio acid does not 
occur when the cell structure is destroyed by maceration or when 
the respiration of the tissue is inhibited by cyanide. The evidence 
obtained was regarded as indicating that synthesis of the —CX)NH 
group (corresponding in free energy content to the peptide bond; 
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JF (hydrolysis) = — 3170 cals.) was not achieved in vivo by a 
reversal of hydrolysis through coupling with an exergonic reaction 
but by some alternative route. Greenberg et al. (1948) have 
similarly found that, with liver slices or homogenates, protein 
synthesis (as judged by incorporation of the of labelled glycine) 
requires the simultaneous occurrence of oxidative reactions and is 
inhibited by cyanide and azide. These observations are not at 
variance with the suggestion (Lipmann, 1941) that peptide synthesis 
in vivo might involve the synthesis of acyl phosphates of the amino- 
acids by transphosphorylation from ATP, followed by dephos- 
phorylative condensation. More recently Frantz et al, (1948) have 
shown that dinitrophenol treatment of rat liver slices, receiving 
isotope labelled Z)L-alanine, inhibits alanine incorporation into 
proteins while permitting oxygen consumption to continue. The 
cessation of synthesis of alanine peptide bonds appeared to be duo 
to depletion of energy-rich phosphate donors. More direct evidence 
for the Lipmann hypothesis is provided by the demonstration 
(Johnston and Block, 1949) that ATP is active in promoting the 
synthesis of glutathione in extracts of acetone-dried pigeon liver and 
that this effect is not due to the intermediate formation of glutamine. 

The phosphorus-containing nucleoprotein molecule is a self¬ 
duplicating unit presumably because it possesses the ability to 
transform and accumulate energy within its own molecular structure 
and to use this energy for the synthesis of similar units. The 
formation of enzyme proteins is apparently controlled by cjd/O- 
plasmic self-duplicating nucleoprotein units derived from the genes, 
and therefore it is possible that energy-rich centres in nucleoprotein 
units control synthesis of proteins in general. Spiegelman and 
Kamen (1946, 1947) and Muller (1947) have suggested that nucleo- 
proteins act as agents which funnel energy into the protein synthesis¬ 
ing mechanism. Spiegelman and Kamen (1946) have shown, using 
yeast cells supplied with P®*, that when new protein is not being 
synthesised little transfer of phosphorus from the nucleoprotein (NP) 
fraction occurs, but that synthesis of new protein is paralleled by a 
marked transfer of P from the NP fraction. Agents effective in 
stopping protein synthesis (sodium azide and dinitrophenol) also 
prevented the flow of P from the NP fraction, suggesting that energy 
stored as <^ph in the NP fraction is involved in protein synthesis. 
The fact, however, that other organic P fractions also show a high 
rate of P exchange during protein synthesis emphasises that the 
identification of nucleoprotein as the sole or even the main energy 
donor for protein synthesis awaits further proof (Spiegelman and 
Kamen, 1947). 
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The demonstrations of the reversibility of peptide hydrolysis and 
the enzymatic sjmtheses of peptide derivatives by proteinases imder 
special in vitro conditions does not constitute any a priori reason 
for concluding that petido bond synthesis and ultimately protein 
synthesis takes pla«o by a simple reversal of the hydrolytic cleavage. 
The experimental data briefly summarised above seems rather to 
support the alternative view that a dephosphorylative condensation 
is involved and that phosphate bond energy drives the in vivo 
synthesis of protein. 

The synthesis of neutral fats involves synthesis of the natural 
long-chain fatty acids and their combination in ester linkage with the 
trihydric alcohol glycerol. The fact that the natural fatty acids 
have an even number of carbon atoms has led to the view that C| 
residues from carbohydrates represent the starting point of fatty 
acid synthesis. This hypothesis is strongly supported by the recent 
work of Rittenberg and Bloch (1944) on the synthesis of fatty acids 
from C‘* and deuterium labelled acetic acid (CD,.C^*OOH). From 
studies of bacterial and animal metabolism there is evidence that 
acetyl phosphate is involved in acetoacetic acid synthesis. Acetyl 
phosphate may arise (Lipmann, 1946a) either by a phosphoroclastic 
split of pyruvate: 

CH,.CO.COO' + HOPO," CHj.COOPO," -I- HCOO' 

JF — 2600 cals. 

or by reaction of acetate with ATP: 

CH,.COO' + ATP ^ CH,.COOPO," -|- ADP 
AF = + 2400 cate. 

The synthesis of aoetoacetate by condensation of acetyl phosphate 
and acetate is a reversible reaction involving only a small change in 
free energy as compared with the h 3 rpothetical reaction involving 
condensation of two free acetate groups (Lipmann, 1946a) 

AF oals, 

CHj.COO' + CHj.COO' + H,CO, 

= CH,.CO,CH,.COO' -f H,0 + HCO,' -f 16,000 

CH,.COOPO/' -f CHa.COO' -f H^COa 

CH,.CO.CHa.COO' + + HCO,' + 1000 

The firee energy change involved in this synthesis would be equally 
favourable if two acetyl phosphate units were involved, and it may 
be postulated that such a condensation followed by a reversal of 
^-oxidation is involved in the in vivo synthesis of fatty acids (Bald¬ 
win, 1947). The condensation of 2 molecules of acetyl phosphate 
would yield acetoacetyl phosphate and this on /^-reduction would 
give normal butyric acid phosphate, which by condensation with 
a further molecule of acetyl phosphate followed by /^-reduction 
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would give valeric acid phosphate and so on, yielding in due course 
the acyl phosphates of long chain saturated fatty acids such as 
palmitic acid and stearic acid: 

CH,.COO~ph + CH,COO~ph ^ CH,.CO.CH,.COO ~ph + phosphate 

/l-reduotion 



CH,.CH,.CH,.COO~ph + CH,.COO~ph ^ 

CH,.CH,.CH,.CO.CH».COO-^h + phosphate 

j!-reduolioa 


CH,.CH,.CH,.CH,.CH,.COO ~iih 

A reversal of this process (fatty acid oxidation) would yield energy- 
rich phosphate capable of transference to AMP or ADP. Such a 
synthesis of fatty acid chains from pyruvate by intermediate form¬ 
ation of acetyl phosphate, however, remains hypothetical and the 
enzyme systems concerned in the postulated dephosphorylative 
condensation and /9-reduction are unknown. In support of such 
a hypothesis is the evidence that phosphate is apparently essential 
for both synthesis (Smedloy-Maclean and Hoffert, 1923, 1924) and 
oxidation of fatty acids (Muiioz and Leloir, 1943). Lehninger (1946) 
has noted activation of fatty acid oxidation by ATP indicating that 
phosphorylated intermediates are involved. In later work (1946a) 
it was shown that the oxidation of octanoic acid by rat liver homo¬ 
genates in presence of Mg++, malonate and ATP gave acetoacetate 
and (19466) that heart muscle in presence of fumarate can effect 
fatty acid oxidation when supplied either ATP or adenosine 
monophosphate (AMP). 

The acyl phosphates of the fatty acids which would arise by the 
mechanism outlined above may well be involved directly in a 
dephosphorylative condensation with glycerol as suggested by 
Lipmann (1941). This mechanism of fat synthesis seems more 
probable than a simple reversal of lipase catalysed hydrolysis which 
in vitro can only be achieved by reduction of the water concentration 
to an extent hardly to be expected to occur even at special loci in 
the cell. 

The above discussion has been designed to show that future 
studies of the mechanisms of biosynthesis must be based on a proper 
appreciation of the kinetics and thermodynamics of enzyme 
catalysed reactions and of the part played by phosphate bonds in the 
liberation, storage, distribution and utilisation of energy in the cell. 
These considerations have however, of necessity, been treated 
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without reference to the existence of a structural organisation within 
the cell, whereby a spatial arrangement of enzymes is maintained 
and directed synthesis •achieved in a way impossible in the simpler 
systems which have been used in many of the investigations upon 
which our knowledge of biochemical reactions is founded. It is, 
however, to l>o exx)ected that the range of in vitro enzymic syntheses 
will gradually approach the synthetic ability of the cell as we gain 
increasing knowledge of the operative enzyme chains and of the 
energy donors with which they are linked. 
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RECENT ADVANCES IN SCIENCE 

ASTRONOMY. By Miohaei. W. Ovenden, B.Sc., F.R.A.S., University 
Observatories, Cambridge. 

Polarisation op the Light of Distant Stars. —1.—^The pheno¬ 
menon of polarisation of light has long been a useful tool in the 
astronomy of the solar system. The polarisation of the reflected 
light of the planets has been examined by Lyot. In solar physics, 
magnetic fields in sunspots are measured by the Zeeman effect 
as a routine procedure. The general magnetic field of the sun has 
been examined in a similar manner (although with inconclusive 
results), and observations of polarisation of the coronal emissions 
are of considerable importance. Until recently, however, polarisa¬ 
tion has played but an insignificant role in steUar astronomy, the 
only early observations being those of polarisation of starlight by 
scattering due to particles in the refiection nebula. The detection 
of Zeeman broadening in certain A-type stars by Babcock (see 
Hunter, Soikncb Progress, 35, 661, 1947) was a first essay into a 
new field, one that has reaped an abundant harvest for the astro¬ 
nomer and physicist alike. A second venture, the recent discovery 
by Hiltner and HaU that the light from distant stars is partially 
polarised, may well rank as one of the most important astrophysical 
advances of the present era. 

2.—^The genesis of the discovery lay in a theoretical analysis 
by Chandrasekhar of the radiation omitted by early-typo stars. 
On examining the consequences of the existing belief that the 
atmospheres of these stars contain a large number of free electrons, 
he came to the conclusion that there should be a small proportion 
of radial polarisation near the limbs. The symmetry of the effect 
would, however, render it unobservable in the integrated light of 
the whole disc. Just as Babcock, in his work on stellar magnetic 
fields, had to use A-type stars whose axis of rotation was in the 
line of sight, so also had Hall and Hiltner, in attempting the veri¬ 
fication of Chandrasekhar’s prediction, to make tise of a chance 
orientation with respect to the earth, in this case orientation of the 
plane of a binary-star orbit. They concluded that such polarisation 
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nhoiild be detectable during the progress of an eclipse of an eclipsing 
binary, the effect being most marked just before and just after 
totality. 

3. —A first attempt was made by E. M. Janssen at Yerkes in 
1946 with the 40-inch refractor {Aatrophya. J., 103, 38, 1946), using 
a Wollaston prism and photographic photometry. Owing to the 
experimental error (0*06 mag.) of each determination, and the low 
jjercentage polarisation expected, definitive results were not obtained 
on the star examined, U Sagittss. The simple photographic tech¬ 
nique was modified by Hiltner (Aatrophya. J., 106, 231, 1947) 
when observing RY Persei, a double singularly suitable for the 
experiment owing to the early spectral typo of the primary (64) 
and the deep minimum. A modified Fabry 83 '^stem of photometiy 
was used, an' image of the 40-inch objective being focussed on to the 
photographic plate by a microscope objective. The images so 
formed allow accurate densitometry. When a Wollaston prism was 
placed over the microscope objective, the image was split into two 
components, whose densities could be compared with an error of 
0-003 mag. In reducing his results, Hiltner had some difficulty 
in allowing for a marked instrumental polarisation which changed 
through the course of a night’s observation, but he came to the 
conclusion that the experiments did indicate slight residual polari¬ 
sation at the limb of the brighter component, and that the plane of 
the binary orbit had a position angle of 162°. It is at present 
uncertain whether these results can be said to confirm the prediction 
of Chandrasekhar or whether the polarisation is produced outside 
the star. 

Further progress could only be made with more rapid photo¬ 
metric systems which would enable adequate comparisons with 
other stars to be made. Hiltner and Hall therefore devised photo¬ 
electric photometers for use on the 82-inch reflector at McDonald 
and at the U.S. Naval Observatory. Hiltner’s photometer used an 
analyser in front of the photocell, observations being made at two 
perpendicular positions of the analyser (Aatrophya. J., 109, 471, 
470), while HaJl (Science, 109, 166) rapidly rotated an analyser 
in front of the cell, and measured the AC component of the output. 
While the latter method allows rapid detection of polarisation, it 
is not so sensitive as the direct method. 

Observations by both instruments were made of the binary 
CQ Cephei, chosen because of the Wolf-Rayet characteristics of ite 
components, and the fact that its light-curve had been adequately 
examined. A polarisation of 10 per cent, (some 6 or 6 times the 
expected polarisation) was detected, but with continued observation 
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it soon became apparent that the polarisation was independent of the 
phaae of the binary motion. It was not shown by the comparison 
stars, however, and could not be instrumental. While CQ Cophei 
is a distant star, the comparison stars used wore much closer, and 
Hiltner (Science, 109, 165) attributed the results with CQ Cephei 
to an effect introduced by the passage of the starlight through inter¬ 
stellar matter. Subsequent observation confirmed the presence of 
the effect with distant single stars, as well as eclipsing binaries. 

Knowledge of the distances of these stars is obtained from their 
colour indices by the reddening effect of interstellar matter. Hiltner 
used the Double (Cluster in Perseus, where there is a rapid variation 
of intersteUar reddening with change of galactic latitude, to examine 
the correlation between degree of jX)larisation and presence of 
reddening. From some 15 selected stars of the clusters, he arrived 
at the conclusion that, while a positive colour excess (i.e. reddening) 
is a necessary condition for polarisation, it is not a sufficient one. 
From stars where both polarisation and reddening are present, an 
approximately linear relation between percentage polarisation and 
colour excess was found by Hall. 

From his first observations Hiltner also found that the nature of 
the polarisation depended markedly upon galactic latitude. The 
degree of polarisation was greatest at low galactic latitudes. 
Furthermore, the plane of polarisation was such that the electric 
vector was parallel to the galactic plane. Hall, with his more rapid 
detector, extended these results, and confirmed in a general way the 
orientation of polarisation. It is strong for stars of low galactic 
latitude, but is less marked, and may even be non-existent, for 
stars of high galactic latitude. Deviations also appear in galactic 
longitude, the orientation being most pronounced about galactic 
longitude 100° (Hall). 

The nature of these results leave little doubt that the polarisation 
is produced by the preferential scattering or absorption of one 
polarised component by interstellar particles. In seeking an 
explanation of the effect, a mechanism must be found which is 
independent of wavelength, capable of operating over large distances, 
and shows an association with the structure of the galaxy. 

4.—^Theories of the polarisation effect are, at the moment, of a 
very tentative nature, but the postulates made are not unreasonable 
from an astrophysical standpoint. Spitzer and Tukey (Science, 
109, 461, 1949) start from tho theory of Oort and van de Hulst 
{BvU. Astro. Inst. Netherlands, X, 187, 1946) on the growth of inter¬ 
stellar smoke particles. These “ grains ” are supposed to grow by 
accretion of atoms, and evaporate due to mutual encounters of 
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clouds. If such a process is operative, particles with diameters 
larger than the wavelength of light will be practically absent. Most 
of the elements present in the grains will be chemically bound to the 
most abundant elements, hydrogen and oxygen. When volatilisa¬ 
tion due to collisions occurs, most elements will evaporate as vola¬ 
tile hydrogen compounds, leaving primarily oxides of iron and 
magnesium. The resulting grain will thus to some extent be ferro¬ 
magnetic, Laboratory evidence indicates that ferromagnetic par¬ 
ticles of 10~® cm. form single domains, and the same is probably 
true of particles rather larger than this. Such particles would 
tend to attach themselves end-to-end to form needle-like grains. 
Assuming that the magnetisation of the interstellar grains is in 
fact uniform, Spitzer and Tukey find that, for the orientation energy 
to be of the same order as the thermal energy inside a cloud, magnetic 
fields of the order of 10~^® gauss are needed. It is interesting that 
fieldsof just this size were postulatedrecently byFermi(PAy^.jBct;.,75, 
1169,1949) to explain the origin of cosmic rays. Davis and Greenstein 
{Phya. Rev.y 75, 1605, 1949) follow rather similar lines of thought, 
but consider the effect of collisions of grains with interstellar hydro¬ 
gen. Collisions between grains occur only once in some 10® years 
for each grain, and, while this is sufficiently frequent to allow the 
evaporation mechanism of Oort and van der Htdst to operate, it is 
far less frequent than collisions between a grain and a hydrogen 
atom, which would occur about once a day. In a very short time 
(from the galactic point of view) the grains would acquire an 
equipartition energy of 10erg for each degree of freedom (rotation 
or translation), the kinetic temperature of interstellar hydrogen 
being 10,000° K. Such rotational energies correspond to angular 
velocities of 10® radians per second, and it is clear that, if orientation 
of the grains is to provide an explanation of interstellar polarisation, 
some braking mechanism must operate. They believe that hys¬ 
teresis is capable of preventing rotation. Fields of the same order 
as those deduced by Spitzer and Tukey are postulated. From the 
experimental evidence, using the scattering theory by Gans (Ann, 
Phyaiky 37, 881, 1912), it is concluded that an assembly of grains 
whose axes are in the ratio of 4: 3, ^ of the total number being 
orientated, is consistent with observation. 

6 .—Until more investigation into the expected constitution of 
interstellar grains, and their equilibrium in interstellar space, is 
forthcoming, the above theories must remain speculation, but 
they do hold out the hope that in the polarisation of starlight we 
have a means of investigating experimentally a completely new field 
of astrophysics, the magnetic fields of galaxies. (While it should 
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not be forgotten that the mechanism of orientation may not be 
magnetic, this approach appears to be, at the present preKminary 
stages, the most profitable.) Whatever the nature of the ultimate 
explanation of the effect, there can be no doubt that astronomers 
have now in their possession a new and, in spite of difficulties in 
experimental technique, powerful tool of research into the properties 
of the rather intangible interstellar clouds, and indirectly for the 
study of stellar distances and galactic structure in general. 

The Hale Telescope.— 1.—On June 3, 1948, at Palomar 
Observatory, the 200-inch telescope received its dedication. The 
ceremony was unique in many respects, not the least being the 
assembly of over 800 guests beneath one observatory dome. In 
symbolising the approaching culmination of over twenty years of 
preparation and work in laboratory, drawing office, furnace-room 
and workshop, it was a fitting occasion in which to announce the 
naming of the new instrument after one who had made the cause of 
large telescopes, and the 200-inch in particular, so especially his 
own, George Ellery Hale. 

In a previous article of this series, Dr. Hunter has discussed in 
general terms the various observational programmes to which the 
new telescope will be directed (Science Progress, 36, 70, 1948). 
It is proposed here to pay special attention to cosmological problems, 
in which the Hale telescope will make its greatest contributions to 
astronomy; such problems have been discussed by Baade (PvAL 
Astr, Soc, Pacific, 60, 230, 1948). 

2 .—^The first important step will be the extension of the standard 
magnitude scale to the limit of the new instrument, magnitude 
22J. Owing to its unfavourable altitude at Palomar, it is not 
intended to extend the North Polar Sequence. Instead, a new 
primary sequence will be set up from selected areas at low declina¬ 
tions. Since it is known from photoelectric work that the N.P.S. 
forms a uniform magnitude scale conforming to international defini¬ 
tion from magnitudes 0 to 16, a few intercomparisons will suffice 
to determine a common zero for the old and new scales. 

While simple in theory, the setting up of an accurate magnitude 
standard is no light task, as the vast amount of time devoted to the 
polar standard testifies. The main difficulty lies with the uncer¬ 
tainties of photographic photometry; a single plate has a usable 
range of only 4 magnitudes. Recent developments of photoelectric 
photometers using photomultiplier tubes will enable all magnitudes 
down to 18 J to be measured on a single scale in one step, thus leaving 
only 4 magnitudes to the photographic process, with which it can 
cope by a single series of plates. 
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The new magnitude scale will, of course, be of value in the study 
of galactic structure, but it will be of profounder significance in 
extra^alactic research. The magnitudes of stars in the near resolv¬ 
able galaxies will be surely placed on the same scale as the stars of 
our own galaxy, and in particular an accurate interoomparison of 
apparent brightness of galactic and extragalactic Cepheids will be 
available. Since our knowledge of the distances of extragalactic 
nubulse rests fundamentally upon the period luminosity law of 
Cepheids observed in the MagaHenic clouds, so will the yard stick 
of extragalactic distances be more satisfactorily defined. Hitherto, 
with the 100-inch telescope, the Cepheid variables have been recog¬ 
nised only in galaxies within the relatively small distance of 10* 
light years. Such galaxies form a local cluster, and may well be a 
poor sample of all galaxies. The range of the new telescope for the 
detection of Cepheids will be twice this distance, and will include many 
galaxies outside the local cluster, from which a more truly represen¬ 
tative sample may be selected. With the new sample available, 
the use of the apparent brightness of the brighter stars of more 
distant galaxies as a means of measuring extragalactic distances 
(the use of which, with the uncertainties of present observational 
data, has frequently provoked some not unjustified criticism) will 
be placed upon a sure footing. Having then available many 
galaxies whose distances between two and ten million light years 
are accurately known, an accurate value of the constant of pro¬ 
portionality between red shift and distance can be derived. The 
absolute value of this constant is of the first importance to theor¬ 
etical cosmologists. Finally, nebular counts to distances of over 
lO* light years will be possible. Here it is of interest to see whether 
the general homogeneity of nebular distribution, apparent in the 
nearer galaxies available to the 100-inch, still holds in a volume of 
space eight times as large. Indeed, some density gradient has 
already been suspected by Hubble with the faintest nebulas at 
present observed, but photometry down to magnitude 18 with the 
100-inch presents difficulties which prevent the results being more 
reliable than a doubtful suspicion. It may well be within the power 
of the 200-inch to make a definitive statement on the presence or 
absence of such a density gradient. The reaction on cosmological 
theory may be greater even than the reaction of the extension of 
the red-shift—distance relationship. In Hubble’s words “ A choice 
is presented, as once before in the days of Copernicus, between a 
stoangely small, finite universe, and a sensibly infinite universe 
plus a new principle of nature.” The choice may soon be a choice 
no longer. 
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3. —^The realisation of the above programme will depend, of 
course, upon the satisfactory performance of the telescope under 
working conditions, about which nothing was known at the time of 
Baade’s address. The increased light-grasp will be of more im¬ 
portance than the increased theoretical resolution, as atmospheric 
conditions for realising optimum resolution with large instruments 
rarely occur. 

Hubble has published recently {Pub. Astr. Soc. Pacific,^!, 121, 
1949) the first photographs taken with the new telescope. They 
were taken as routine tests for adjustment, under only average 
seeing conditions, with a poor aluminium surface, but oven in these 
adverse circumstances nebulae <at least 1| magnitudes fainter than 
any reached by the 100-inch have been recorded. While this 
represents the full gain of light-gathering power corresponding to 
a doubling of the aperture, even fainter magnitudes will be available 
under best conditions, owing to an improved sky at Palomar, and 
the absence of a Newtonian flat. 

On the matter of definition, however, results are not so satis¬ 
factory, and indicate that the mirror is still not ready for use in the 
best possible conditions. The trouble lies in a tumed-up edge 
(about 1 fringe high) at the outer IS-inches of the mirror (thus affect¬ 
ing some 30 per cent, of the total aperture area). The presence of 
this zone was, of course, known from the optical tests in the labora¬ 
tory, but it was believed that thermal and mechanical effects of the 
mirror when in operation would counteract it. This has proved not 
to be the case, and some refiguring is now in process at the Observa¬ 
tory. The main importance of good resolution is to distinguish 
between stars and ncbulse at the faintest magnitudes accessible. 
With a short focal ratio (//3-3), the coma-free field is only 5 seconds 
of arc in diameter, but the published photographs illustrate the 
effectiveness of a subsidiary lens which is used to increase this field 
(with some loss of light, of course). 

The final adjustments of the 100-inch spread over a year and a 
half. It may well be as long before the Hale telescope begins to 
make significant contributions to astrophysics. One cannot predict 
to what extent our present ideas will be confirmed, or how many 
surprises are in store, but, if the history of the 100-inch telescope is 
to repeat itself, the new telescope will in the coming decade depict 
a universe which would appear as strange to us now as our present 
conceptions will appear naive then. 
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PHYSICS. By F. A. Vick, O.B.E., Ph.D., F.Inst.P., Tho University, 

Manchester. 

Diffraction Gratings.—^1.— ^The diffraction grating has been, and 
still is, one of the most important tools in physios, and it is surprising 
how few laboratories or firms there are in the world even now capable 
of producing gratings of the highest quality and resolving power. 
The theoretical resolving power of a grating, defined by A/dA, is 
nN where n is the order of the diffracted spectrum and N the total 
number of lines (grooves) in the grating. For a given order and for 
angle of incidence i and angle of diffraction 6, the resolving power 
R is given by 

(sin i + sin 0)Nd (sin i + sin 0)B 
R - -^-- -j- . . (1) 

where d is the spacing between the ruled lines and B = Nd is the 
total breadth of the ruling. The resolving power is thus propor¬ 
tional to the total breadth of the ruling, and tho maximum R 
obtainable theoretically, when 0 = t = 90°, is 2B/A, though in 
practice the intensity of the diffracted spectrum would in this case 
approach zero. For A = 5000 A.U. and B = 6 inches, maximum 
R is 600,000. The aims in ruling a grating are, therefore (o) to 
have as great a breadth B as possible, (6) to have N largo (so that 
n may be small), (c) to ensure that the ruling is as uniform as possible, 
both in spacings and in shape of groove, to avoid tho appearance of 
“ ghosts,” (d) to throw as much light as possible into the order used, 
(e) to make the grating as stable as possible, e.g. free from corrosion. 
There is an urgent need for more good gratings of high resolving 
power. 

2.—In two recent papers (J. Opt. Soc. America, 39, pp. 413 
and 622, June and July 1949) Professor G. R. Harrison of the 
M.I.T. Spectroscopy Laboratory has given a fascinating account of 
the production of diffraction gratings. The father of the modern 
diffraction grating v'as, of course, H. A. Rowland, of Johns Hopkins 
University, Baltimore. His first ruling engines were capable of 
producing gratings with B — 6 inches, N greater than 100,000 
and resolving powers more than 160,000. Many of the gratings 
still in use in different parts of the world were made on these 
machines. After Rowland’s death in 1901, the machines continued 
in use until they were damaged by fire in 1904, and they were not 
properly reconditioned until 1909 when J. A. Anderson began to 
produce gratings with resolving powers up to 360,000. “ After 

Anderson’s departure tho Rowland engines languished until 1923, 
when their operation was taken over by R. W. Wood, who made 
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many improvements.” The machines are still in use, operated by 
W. Perry and controlled by a “ ruling committee ” consisting of 
G. H. Diecke, J. Strong and R. W. Wood, The widest grating 
which can be produced is 7^ inches, with R approaching 400,000. 

In 1900, 'A. A. Michclson and S. W. Stratton constructed in 
Chicago a machine designed to produce gratings up to 14 inches 
wide. By 1915 it had ruled 8-inch gratings with R up to 400,000 
and one or two trial ones with R as great as 600,000. In 1930 
Gale took over the engine and ruled a few 6-inch gratings, but since 
1937 the machine has been undergoing rebuilding (at intervals). 
It is now at M.I.T. 

In 1930 Gale, in Chicago, began reconstructing a second machine 
started by Michclson, which by 1940 had produced a number of good 
6 -inch gratings. In 1947 it was transferred to the Bausch and 
Lomb Optical Co., where it is being restored. On leaving Johns 
Hopkins in 1916, J. A. Anderson went to the Wilson Observatory, 
and there worked on a large ruling engine previously begun by Jaco- 
mini. This has so far produced gratings up to 6 inches in width. 

In 1930 Babcock began at Mt. Wilson the construction of a smaller 
machine, which has produced a small number of plane 7-inch gratings, 
the beat of which has R of 350,000 in the seventh order (69,000 
rulings). 

These three places, Johns Hopkins, Chicago and Mt. Wilson, are 
the only sources in the world of gratings of 6-inch and larger widths. 
A number of smaller engines have been constructed in various 
places. Professor Harrison lists some of these. Briefly, 2-inch 
gratings with R up to 60,000 can be produced on several machines 
in different parts of the world and 4-inch gratings, with R up to 
100,000 can produced on at least five engines. The above account 
may be sufficient to show how comparatively limited the success 
has been during the last fifty years. Harrison lists some of the 
factors which may allow faster progress during the next few decades : 
(i) the technique of using soft aluminium evaporated on to glass 
instead of speculum metal, (ii) the improvement in diamond cutters, 
(iii) improved materials for engine construction, and better methods 
of lubrication, (iv) electronic and servo devices for enabling the 
ruling to be controlled by interferometric methods. 

3 .—^To reduce the intensity of the “ ghost ” lines to 0-1 per cent, 
of those of the main lines, the ruling should be accurate to one 
millionth of an inch (or A/2()). 30,000 lines per inch is normally 

considered as the closest practical spacing. Groove shapes can bo 
held more constant if there are fewer lines per inch. Most gratings 
made until recently have been concave, since no large auxiliary lens 
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is required, but they are more difficult to rule than plane gratings. 
Concave gratings are seldom ruled with grooves longer than 2 inches, 
however wide the ruled strip, but plane gratings normally have 
grooves J to | as long as the grating width. A plane grating with 
suitable lens is thus likely to be faster than a concave one because 
of the larger ruled area. 

4. —The accuracy of ruling is affected by changes in size and 
shape of the ruling engine parts due to variations in friction, tem¬ 
perature, elasticity and internal strain. The best engines now in 
use must be operated for 3 to 24 hours before the diamond is lowered 
into the ruling position, in order that thermal and dynamic equili¬ 
brium may be attained. In most engines the grating blank is moved 
the distance between grooves by a screw driven by a ratchet or 
wormwheel between strokes of the diamond, but in a machine con¬ 
structed by Baird Associates the blank is kept moving continuously 
during ruling. The resulting inclination of the grooves can easily 
be allowed for by rotating the whole grating slightly in its own plane 
in the spectrograph. Screws can now be made with good accuracy 
(e.gr. 7 X 10~* inch in 20 inches after any periodic error has been 
corrected). About 20-30 threads per inch are used. Warping of 
parts has been very troublesome : some machines have stood unpro¬ 
ductive for years because while each part was being corrected in 
turn, the others warped ! Harrison gives in his first paper interesting 
details of the design of the screws and their bearings. 

5. —The use of aluminium deposited on glass, already mentioned, 
has several advantages. There is less scattered light and less wear 
on the diamond. The blank, at least § of its diameter in thickness, 
is stuck on to the ruling carriage by ordinary oil paint, which is 
8 low-dr 3 dng and does not introduce strains. Some authorities 
maintain that the diamond should sing while at work, and others 
that it should remain silent. The groove is pressed rather than cut, 
and this needs a pressure of several tons per square inch, correspond- 
ing to a force of 3 to b grams weight. The diamond is adjusted 
carefully so as to press and burnish the groove in one operation and 
to give a groove of the correct profile. The fiat side of the groove 
is adjusted in angle for the grating surface to throw the specularly 
reflected light in the desired direction (the “ blaze ” direction). 
According to Babcock, 60 per cent, of the light can be thrown into 
one order with 16,000 lines per inch, 70 per cent, with 10,000 and 
86 per cent, with 2000. 

6 . —^The rooms containing the engines are lined with aluminium 
foil to assist in radiation control and to lessen dust. The engine 
itself is provided with a glass or transparent plastic cover thermo- 
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statically controlled to within 0*01® C. Variable thermal losses 
through the machine base and floor are eliminated. Most engines 
operate at from 8 to .50 strokes per minute, so that an average 
grating can be ruled in 72 hours. Several weeks of diamond adjust¬ 
ment and trial ruling may l>e necessary beforehand, however. 
Lubrication problems are not easy. Intermittent oiling during 
ruling is avoided, since the oil films involved are much thicker than 
the millionth of an inch tolerance allowed, and the frictional drag 
should be constant. To test for periodic ruling errors some workers 
use an interferometric method, obtaining fringes between one plate 
on the carriage and a parallel one on the guides. Others use a 
method suggested by Rayleigh in which a trial ruling on glass is cut 
into two at right angles to the grooves and then the two halves 
superposed with the corresponding grooves about ^ or J the pitch 
of the screw apart and inchned to each other at an angle of a minute 
or so. Any periodic error shows up as a periodic pattern when the 
composite grating is viewed. Sometimes the same effect is obtained 
by “ cross ruling *’ on the same grating blank. There is no sign that 
repliea gratings will in the near future render unnecessary the 
continued production of original master gratings. 

7. —^To obtain the resolving power needed for (e.flr.) the Zeeman 
effect and hyperfine structure, concave gratings would be needed 
having 120,000 to 300,000 lines in 8 to 10 inches width. The radius 
of curvature would have to be about 35-50 foot, and the spectro¬ 
graph mounted in a room about 60 feet long. Such a room would 
bo difficult to keep free from mechanical and thermal disturbances. 
Furthermore, the dispersion obtainable in the second order with a 
10-inch grating ruled 30,000 lines per inch, and with a radius of 
curvature 42 feet, would cover about 60 feet, needing some three 
dozen photographic plates each 20 inches long to record the spectrum. 
When the difficulties of constructing and operating such a large 
spectrograph are added to those of ruling the grating there is every 
incentive for exploring alternative methods. Professor Harrison 
goes on to discuss in his second paper gratings having characteristics 
between the echelon and echelette, but differing from either, and 
called by him an echelle grating. Step-shaped grooves are used, 
as shown in Fig. 1. Only the steep side, s, is illuminated, at 
or near normal incidence. The dispersion is 2t/X8. The grating 
is a plane one illuminated through a collimating lens. The dis¬ 
persion of the echelle can be crossed with that of a spectrograph of 
moderate dispersion, to separate overlapping orders. A typical 
design of echelle for high resolution in the visible and U.V. would 
be = 0*05 mm., N == 1000, B == 10 inches, R = 1,000,000 at 
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6000 A.U. when used with a lens of 260 cm. focal length. This is 
equivalent to a 10-inch concave grating of the normal type, with 
radius of curvature 42 feet, 30,000 lines per inch and used in the 
third order. The dispersion of the echeUe is 6 mm. per A.U. at 
6000 A.U. The grooves should be such that the side s is flat to 
within 0-1 of a fringe and not more than 0-1 fringe from its proper 



position relative to the first groove ruled. Since only about 1000 
grooves are required, the ruling should take only a few hours. Also, 
it should be possible to control the ruling by interferometric means. 
Professor Harrison is now engaged on preliminary experiments on the 
production of echelle gratings, and the outcome of these will be 
awaited with much interest. 

8 .—^In a paper just published {J, Sci. Instr,, 26, 336, October 
1949) A. H. C. P. Gillieson considers the advantages over the usual 
concave grating of a plane grating with a subsidiary concave mirror. 
The focal curve appears to be flatter and the astigmatism less. 


METEOROLOGY. By P. A. Sheppabd, B.Sc., F.Inst.P., Imi>erial 
College of Science and Technology, London. 

The Cumulonimbus and Thunderstorm. Part I 
1. Introduction 

Research into the structure of cumulonimbus (abbreviated here¬ 
after to Cb) and into the most active of its forms, the thundercloud, 
has been prosecuted with some vigour in England and Germany 
since the early 30’s, while latterly a very large effort has been 
expended on the subject in the United States and important work 
continues elsewhere. In the present article we shall examine the 
picture which begins to emerge, first in regard to the circulation and 
thermodynamics of the Cb, and then in Part II in regard to its 
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electrification. From neither aspect is the picture anything like 
complete but substantial lieadway has been made. 

It seems appropriate to state at the outset the broad lines along 
which the problem has been tackled. Simpson (1937, 1941) with 
his collaborators, Scrase and Robinson, opened a new era of direct 
investigation, in the now quite well-known series of free-balloon 
flights into Cb from Kew Observatory, using the alti-electrograph. 
The direct approach was also taken up in Germany, but there mainly 
by sailplane and to some extent by aircraft, and was supplemented 
by laboratory investigations under Findeisen on the microphysics 
of clouds and their electrification. Then, in 1946 and 1947, a very 
large programme of exploratory aircraft flights into Cb was under¬ 
taken in the United States, first in Florida and later in Ohio, and 
important results have been described by Byers and Braham (1948). 
Moreover, during the period under review an entirely new instru¬ 
ment of research into Cb has emerged in centimetric radar, which 
is an exceedingly sensitive device for detecting the onset of precipi¬ 
tation in the cloud and for studying certain of its characteristics. 
On the electrical side the delineation of the wave form of the atmo¬ 
spheric (Wichmann, 1941-43), following pioneer work by Appleton 
and Chapman (1937), is supplementing knowledge gained by Schon- 
land and his collaborators in the continuing work on the lightning 
flash by means of the Boys camera. This aspect of thunderstorm 
electricity has been fully reviewed by Meek and Perry (1946). 

These experimental investigations have naturally been accom¬ 
panied by new theoretical work on the problem and Normand’s 
(1946) thermodynamic analysis is outstanding. Dynamical investi¬ 
gations have not achieved any notable success as yet but the problem 
is difficult, while in theories of the electrical phenomena Frenkel’s 
work (1944, 1940, 1947) only, deriving from the contact potential of 
water and ice, carries strong conviction. 

2. Structure and Circulation 

The life-cycle and structure of the Cb which emerge from the 
observational work of the last decade or so, particularly from the 
investigations in the United States as reported and discussed by 
Byers and his collaborators, are of the following sort. A Cb con¬ 
sists of one or more convective systems or “ cells,’* each of which 
passes through a characteristic cycle of growth, maturity and decay 
lasting an hour or two, and to bo described in more detail imme¬ 
diately. From—generally—an initial cell others appear to be born, 
so that the cloud is a self-propagating system consisting of up to 
four or five cells in various stages of development or decay at any 
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one time during the life of the complete system. Eaeh cell has 
a diameter of from 1 to 8 km., and there is a space of cloud-filled 
air of about 1 km. between the component cells. 

The individual cell is initially a growing cumulus (Cu), which 
itself may occasionally result from the coalescence of two or three 
smaller Cu. Vertical growth is normally rapid with updraughts, 
several hundred metres in horizontal extent, increasing in magnitude 
from below the cloud base to upwards of 30 m. seo.”^ on occasion 
in the upper portions (see Wichmann, 1949). These updraughts 
appear to have much in common with the jets studied in aerodynamic 
laboratories (see e,g. Goldstein 1938), though the static instability 
to which they are due and the effects of condensation and release of 
latent heat are complicating factors. In this stage the Cu may 
tower considerably above the 0° C. level, but the cloud is probably 
composed almost exclusively of water droplets, strongly supercooled 
in the upper levels, and colloidally stable so that no precipitation 
occurs. Measurements of the horizontal flow pattern around the 
developing Cu by means of simultaneous balloon soundings show 
(Byers and Hull, 1949) that horizontal convergence of air, of order 
2 per cent, per minute over areas 5 to 8 km. in diameter, occurs 
at all levels up to the top of the cloud. Fig. la shows the essential 
features of the growing single cell. 

The Cu stage ends and the mature stage begins with the appear¬ 
ance of slight glaciation in the upper reaches of the cell, quickly 
followed by the formation of precipitation elements, large ice 
cr 3 rstal 8 , graupel and hail, arising from the colloidal instability of 
ice and supercooled water and from agglomeration of cloud droplets 
with the larger solid elements. This precipitation, which occurs 
first in a limited region, horizontally and vertically, of the cloud 
(initial radar echoes centre on about the — 10® C. level—^see Work¬ 
man and Reynolds, 1949), appears to trigger a substantial down- 
current of air, up to about 13 m. sec.~^, in its neighbourhood, and, 
as we shall see below, adds substantially to the amount of energy 
liberated by the convection process. Consistent with its association 
with precipitation, the downcurrent is found only in the middle 
and lower reaches of the cloud, continuing from below the cloud base 
towards the ground, over which it spreads to provide the charac¬ 
teristic squall line, and bringing with it a substantial drop in tem¬ 
perature due to the heat given up by it in the partial evaporation 
of the precipitation and cloud. A substantial updraught continues 
meanwhile in other parts of the cell at low and middle levels and 
in all portions at the highest levels. Balloon flights at this stage 
of the storm show that convergence gives place to roughly equal 




Fig. 1. 

Fio. L—Circulation within single cell of Cumulonimbus in (a) Cu (growth) stage, (6) mature (heavy rain) stage, 

(c) decay (anvil) stage. 

{From Btebs and Braham, 1948.) 
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divergence in the bottom km. or so of the cell, while the convergence 
at higher levels intensiiSies to about 5 per cent, per minute. More¬ 
over the outspreading cold air of the low-level divergence appears 
to provide the trigger for the initiation of new cells. For the 
Florida storms investigated by Byers there is a practically linear 
relation between the magnitude of the maximum surface divergence 
over areas of order 10* km.* and the maximum rate of rainfall. 

According to Workman and Re 3 molds, who for simplicity discuss 
observations on single cell Cb only, the first appearance of precipi¬ 
tation beneath the cloud base, generally some ten minutes after the 
first appearance of a radar echo from within the cloud, synchronises 
roughly with the first lightning flash of a Cb producing thunder. 
This initial flash is internal to the cloud and only some five minutes 
later does the first cloud-to-ground discharge occur. Meanwhile 
the top of the radar echo, which at first moves steadily upwards to 
about the — 30® C. level, now moves downward with the occurrence 
of precipitation from the cloud base. Fig. 16 epitomises the struc¬ 
ture in the mature stage of the cell. 

The third stage (Fig. Ic) is one of decay and arrives when the 
downward motion, the dynamical characteristic of the mature 
stage, extends, though much diminished in magnitude, to the whole 
of the cell except the topmost portion, where weakened upward 
motion persists for some while and where there is rapid growth of 
the cirrus anvil. The rain diminishes much in intensity and ulti¬ 
mately the cloud of that particular cell dissipates from below. 
Remnants of the cloud may persist in stratified form at higher 
levels. 

Some caution must be exercised in the application of the above 
picture. Thus it refers mainly to the so-called “ heat thunder¬ 
storm of marked diurnal variation, and the heights and velocities 
given in Fig. 1 are appropriate to such storms in Florida. Frontal 
thunderstorms, particularly those of winter, may exhibit some 
differences in character, related, for example, to the observation 
that summer storms often produce hailstones, whereas winter storms 
more characteristically and regularly produce soft hail. 

3. Microphysical Factors 

We shall not attempt here to deal in detail with the micro- 
physics of Cb, but choose one or two aspects as illustrative of the 
sort of problem involved. We reserve to a later section the elec¬ 
trical phenomena involved. 

It is abtindantly clear from the work of Simpsod, Findeisen and 
later researchers that the properties of ice crystals, either in admix- 
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ture with the vapour phase only or with liquid water also, determine 
much of the behaviour of Cb. Thus the efficiency of ice-forming 
nuclei at temperatures above — 82° 0. decreases with increase in the 
rate of ascent of the air, so that the temperature at which glaciation 
first occurs is probably lower and the cloud-top must reach much 
higher in intense summer storms than in less violent winter storms. 
Again Findeisen (1940, 1942) has shown that ice crystals, either 
when growing or evaporating, may produce quite large numbers of 
small ice splinters (size of order 10*“® cm.). If this occurs in clouds 
then the apparent rarity of ice-forming nuclei in clear air, or in air 
containing supercooled water droplets at temperatures above 
— 41° C., or at any rate above — 32° C. (see Science Progress, 
No. 139, July 1947), is effectively made good once a few ice-forming 
nuclei have become effective at these higher temperatures, for a 
chain reaction then ensues. Certainly the glaciation of a Cb, 
once it occurs, proceeds with great rapidity and is apparently 
responsible both for the initiation of the precipitation process and 
equally for the quite rapid seeding and consequent decay of a cell. 

The growth of precipitation elements in Cb poses many problems 
which are only partially resolved. (These problems, oddly enough, 
have much in common with the problems of aircraft icing.) One 
of the most fascinating and, as appears, most fundamental in Cb 
microphysics is the production of hailstones. The older, and never 
clearly expounded, theory of a stone making several vertical 
traverses of a Cb before final emergence of the layered structure 
from the cloud, would appear to be giving place to a more satisfying 
explanation as quantitatively discussed by Schumann (1938) and 
Ludlam (1960). Given a precipitation element, such as an ice 
crystal or graupel, of sufficient size to fall with appreciable velocity 
relative to the surrounding cloud droplets, accretion of droplets will 
occur at a rate depending on the relative velocity, on the liquid 
water content in the region and on the size of the droplets (the 
smaller tend to get swept round the precipitation element by the 
airflow round the latter). The heat economy of the element is then 
determined by the transfer of sensible heat to the environment, the 
heat taken up in evaporation from the surface and the heat realised 
by fusion of the impacting cloud droplets. If the heat loss by the 
firat two processes can keep pace with the third the cloud droplets 
will freeze on impact with the precipitation element and rime (ice 
with occluded air) will result. If however the rate of fall, water 
content and efficiency of catch are sufficiently large—as Ludlam 
shows may readily be the case—^the latent heat of fusion will not be 
disposed of without a substantial rise in the temperature of the 
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element, the surface of the hailstone will remain wet at near 0° C., 
and clear ico (glaze) will form beneath. The substantial variations 
in the three controlling feustors at different levels in the cloud make 
a layered structure the likely outcome. 

Modem radar technique has not only aided much in the elucida¬ 
tion of the cell structure outlined in S^tion 2 above, but promises 
to provide much additional knowledge of processes in Cb. The 
echo intensity at a particular wave-length X depends on two main 
factors (Byde, 1046), the dielectric constant of the reflecting particles, 
water, or ice, or water and ice in association, and £{nd*) where n 
is the number of particles of diameter d, and increases with 1/A*. 
A slight complication is introduced by the attenuation of the radar 
beam by precipitation, increasing with decrease in A. The scope of 
this method of exploration is apparent, particularly if a cloud is 
examined on two or more wave-lengths. But there is insuiScient 
space to pursue it here and the reader may be referred to a summary 
by Sheppard (1941) or to original papers by Marshall et alii (1947) 
and Wexlor (1947a, b, 1948). 

4. ThBBMODYNAMIOAL AMD DYNAMICAL CONSIDBBATIONS 

A recent most important thermodynamic discussion of convec¬ 
tion is due to Normand (1946) and we cannot hope to do justice to 
it in the present summary. He first insists on the overriding im¬ 
portance of total heat, or enthalpy, H, of a system in determining 
stability. The total heat of a column or system of dry air is com¬ 
pounded of its potential (P) and internal (E) energy, the subdivision 
being, in the usual nomenclature, P : E : H = R : : Cp = 2 : 6 : 7. 

Thus, to say, as is not infrequent, that a system develops kinetic 
energy out of a re-arrangement (diminution) of its potential energy 
is a half truth and misleading. He proceeds to show that the state¬ 
ment of the first law Q — dH -f- dK, where Q is the heat added and 
dK is the increment of kinetic energy, may be quite adequately 
approximated, for systems producing Cb, by dH + dK = 0, since 
a positive Q is neither necessary for the production of kinetic energy 
nor is its actual magnitude, e.g. from solar diurnal heating of the 
lower atmosphere via the groimd, comparable with the energy 
released in Cb or other systems—a result due originally to Margules. 

Normand considers a number of cases of the re-arrangement 
of the total heat (or heat-drop) of an unstable system leading to a 
minimum H, the stable end-product, from which we select an illu¬ 
minating example of the irreversible transformation of a dry atmo¬ 
sphere with superadiabatic lapse rate. Irreversibility provides for 
mixing between the portions of air comprising the system, as happens 
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in reality, while generalisation to an atmosphere containing water 
vapour with condensation introduces no essential modification of 
the argument. Let the initial lapse rate in the system (Fig. 2) 



Fio. 2.—Teinporatiire-height diagram for iirovorRiblo overturning with mixing. 
Initial lapRo rate of Hystem (/) — OS, path curve (y) — OPR, dry-adiabatio 
lapne rate (F) =- PR". 

be y', the dry-adiabatic lapse rate he F {< y'), and let the rising air 
of the system follow a lapse rate (path curve) y intermediate between 
y' and F on account of mixing with its environment. We take 
y' and y to be constant in the layer involved in readjustment and 
suppose the rising air starts as an infinitesimal mass from the 
ground {z = 0), increasing to mass m at the height z on account of 



Fio. 3.—Tomporaturcv-ontropy diagram, with temperature increctAing to the right 
and entropy increasing upwards, for a systom with initial superadiabatio 
lapse rate AC. 

(From Nokmand, 1946.) 

mixing. This mass m is represented by P in Fig. 2. If it rose dz 
fiK>m P without further mixing it would traverse a dry-adiabatic 
PR', whereas it acquires additional mass dm and traverses PR. 
We have 


dmfm = RR'/SR — {y — r)dz/(y' — y)z. 
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Hence dm/m = n dz/z where (i = {y — r^y' — y), and integrating, 
m = oonst.zf'. When = 0 there is no mixing and the process is 
reversible. The upper limit of jU is set by the condition that the 
final result of overturning must not be an unstable lapse rate, and 
we shall see that this is given by ft = 1 {m = cz) for which 
y = (r y')/2, with the final lapse rate in the system equal to F. 
For, in the entropy-temperature diagram of Fig. 3, let APORC 
represent the initial condition of the system, with AB, CD isen- 
tropics (lines of lapse rate F) and AD, BC isobars. Then when 
y = (F \- y')/2, air rising from A will finish at the mid-point E of 
BC and air moving down from C under similar conditions of mixing 
will finish at F ; air from P will finish at S and from R at T ; and 
so on. The final lapse rate in the system is then given by PE, i.e. 
F, and the amount of energy released in the irreversible transforma¬ 
tion is given by considering any process which will provide this 
final lapse rate provided no contradiction with the essential assump¬ 
tions is involved. Thus unit mass may be taken to move adiabatic- 
ally from A to B and there mix with unit of mass at C to provide 
two units at E. Simultaneously unit mass may descend from 
C to D and there mix with unit mass at A to provide two units at F. 
The heat-drop or energy freed in the process is given by the area 
ABCD and this is shared among four units of mass. The whole 
system may be so transformed to the final condition, taking 4 units 
of air at a time from corresponding levels, e.g. from P and R, where 
the pressure difference (mass per unit horizontal area) between A and 
P is equal to that between C and R, and the heat-drop is given by 
PQRV. Then the heat-drop for the whole system is given by the 
volume of a pyramid on base ABCD and of height equal to M/4 
where M is the total mass of the system. The average change in 
H per unit mass is then (ABCD)/12, and this is the minimum that 
may occur, since the final lapse rate is dry adiabatic and a less stable 
end result is not possible. It is readily enough seen that this is half 
the maximum which, arising from a reversible adiabatic process, 
would give a final lapse rate DB and only two units of mass would 
be involved in each " parallelogram ” of energy liberated. Thus, 
whatever the degree of mixing (or entrainment of air, as it has come 
to be called in American literature), the energy realisable lies between 
rather close limits. It is very important to realise that in either of 
the cases examined half the energy realised comes from the descend¬ 
ing air; the energy of ascending air is often emphasised to the 
exclusion of the other. 

The problem of the saturated unstable column is complicated by 
the uncertainty of the conditions of descent, but if the latter takes 



METEOROLOGY 


87 


place at saturation the methods used above for the evaluation of 
the energy realised are the same, provided saturated adiabatics 
replace the dry so as to allow for the total heat of the water vapour. 
The descending air will then again make its own substantial contri¬ 
bution to the heat-drop. If, however, the descent is dry the heat 
drop is reduced by at least a half of the maximum attainable with 
saturated descent from the same initial system. Bjerknes (1938) 
considered a system with lapse rate between the dry and saturated 
adiabatic in which the descent was unsaturated and showed, in the 
present nomenclature, that there would be no heat-drop unless the 
ratio of the area of cloud to clear air was less than a certain critical 
value determined by the initial lapse. While accepting the reality 
of some dry descent in the convection process, Normand stresses 
the necessity for appreciable saturated descent also. He says we 
must “ keep in mind the possibility that Cb is a cloud that takes 
advantage of the energy available from moist descending currents, 
that it is organised to take in potentially cold air at the higher 
levels as well as potentially warm air at the lower ; and, though the 
moist fraction of the descending air has not the same mass as the 
whole up-current, it is an active participant in the kinetic energy of 
the storm and not just a drag on the available energy.'’ These 
ideas have received almost complete confirmation from the more 
recent works of Byers and his colleagues presented in Section 2. 

Other workers have recently tackled the problem discussed above 
of the effects of mixing in Cu and Cb formation, among whom may 
be noted Stommel (1947) and Austin and Fleishcr (1948). Stommel 
deduces large mixing fractions in the rather shallow Cu clouds of 
the trade wind region, using simultaneous soundings of pressure 
and humidity within and outside the clouds, but there is perhaps 
some doubt whether the observations upon which his figures are 
based have sufficient validity. He infers a liquid water content 
increasing with height from the cloud base and falling off rather 
rapidly in most cases near the top, Austin and Fleisher make similar 
computations, based on assumed lapse rates, taken to bo the same 
inside and outside the cloud, for different humidities in the environ¬ 
ment. The computed entrainments and water contents are not 
dissimilar from Stommel’s. Byers and Braham infer entrainment 
values of up to 100 per cent, in 200 mb of ascent from aircraft lift 
and convergence figures and consider the lapse rate in the large 
growing Cu cloud to approximate quite closely to that of the 
environment. 

Sawyer (1949) has examined some of the consequences of evapora¬ 
tion in the saturated descent of air in Cb. He explains quantita- 
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tively the pressure rise at the surface during frontal storms, from 
incompletely compensated convergence aloft following the vertical 
shrinking of the air cooled by evaporation beneath. He considers 
too that the deflection of the cooled downflow by topographical 
features may well determine the paths of convective systems once 
initiated. 

{To be concluded) 
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GENERAL AND PHYSICAL CHEMISTRY. By J. W. Smith, 

D.Sc., Ph.D., F.R.I.C., Bedford College, London. 

Bond Energy and the Factors Controlling it. —^The strength 
of chemical bonds is a problem of interest to all chemists. The 
recent approaches to this problem, particularly with regard to the 
correlation of the bond energy with the fundamental character of 
the bond and of the atoms or groups concerned in it, comprise, 
therefore, one of the most important developments in the subject. 
This summary is based principally on the views of Walsh, who has 
done much to clear up the many anomalies which have long been 
perplexing, and to place the subject on a rational basis. 

The nomenclature has in the past been somewhat confused, but 
Walsh (J. Chem. Soc., 1948, 398) emphasises that bond energy should 
be taken as an energy value which is a simple measure of the strength 
of a bond as it exists in the molecule, and must be distinguished from 
the dissociation energy, which is the difference between the energy 
of the molecule and the energy of the two fragments into which it 
would be split by rupture of the bond. The bond energy should 
bear a relation to the bond length, i.e. the equilibrium distance 
between the two nuclei concerned in the bond, and the force constant, 
t.e. the restoring force which acts on the system when the nuclei are 
displaced from their equilibrium positions. 

Although for diatomic molecules the dissociation energy is 
approximately equal to the bond energy, for a bond in polyatomic 
molecules it often differs considerably from the bond energy owing 
to the circumstance that rupture of one bond causes the strengths 
of the remaining bonds to alter. For instance, the intemuclear 
distance and force constant indicate that the O—H bond is stronger 
in the HjO molecule than in the OH radical; the bond energy in 
HjO is 110 kcals. per mole, whereas the dissociation energy of the 
H|0 molecule to give H and OH is 118 kcals. per mole and that of 
the OH radical to give H and O atoms is 100 kcals. per mole. This 
difference arises through the fact that when one of the bonds in the 
HjO molecule is broken energy is absorbed by the remaining bond, 
which therefore becomes weaker. Much confusion has arisen 
through the fact that the term “ bond strength has frequently 
been used almost synonymously with dissociation energy. It is 
best, however, to retain this term as a qualitative description of the 
property of the bond which is expressed quantitatively by the bond 
energy. 

From the simple example discussed it is evident, therefore, that 
it is incorrect to identify the bond energy with the dissociation energy, 
as was at one time assumed, because, the two bonds of the H|0 
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molecule being identical, their energies must be equal. It follows, 
too, that the energy of a bond between two specified atoms differs 
for different molecular species, and that it is impossible to state, 
without qualification, that the bond energy of, say, the O—H bond 
is 110 kcals. per mole. Its value will depend on the other bonds 
present in the molecule. Values of such bond energies may con¬ 
veniently be written in the form E(OH)h,o = 110 kcals. per mole. 

When a molecule is of the form XY,^, comprising a central atom 
of one species surrounded by similar atoms of a second species, so 
that only one of bond is present, the energy of each bond can be 
taken as Q^/w, where is the heat liberated when the atoms, in 
the valence states in which they exist in the molecule, combine to 
form the molecule. For instance, the heat of formation of gaseous 
water from hydrogen and oxygen gases is 57*8 kcals. per mole, 
whilst the heats of dissociation into atoms of and Oj are 103*4 
and 118*2 kcals. per mole, respectively. Hence the heat of the 
reaction 2 H + O H,0 QJ is 103*4 + 118*2/2 + 67*8 
= 220*3 kcals. per mole, and hence E(OH)h,o = HO I kcals. per 
mole. 

In the case of polyatomic molecules, however, one cannot strictly 
isolate bonds completely from one another. Although most of the 
energy liberated in forming the compounds is due to the overlap of 
electron clouds in forming the bonds, a little is duo to overlap other 
than in these bonds. For instance, in the CCI 4 molecule interaction 
between the chlorine atoms is important and must affect the force 
constant and the ionisation potential. In the case of such com¬ 
pounds as methane, however, the approximation introduced by 
referring these quantities to a particular bond is not serious and is 
completely outweighed by the usefulness of the conception. 

When more than one type of bond occurs in the molecule the 
calculation of their energy values requires some assumptions. For 
instance, the heat of formation of gaseous H 2 O 2 from the elements 
in the standard state is 33*6 kcals. per mole. By adding to this 
103*4 and 118*2 kcals. per mole, the heats of dissociation into atoms 
of Hj and O, molecules respectively, it follows that Q^=265*2 kcals. 
per mole. This must equal the sum of the bond energies of all the 
bonds present in the molecule. On the assumption that the O— 
bond energy in HaO* was the same as in water, Pauling {Nature of the 
Chemical Bond, 1940) deduced that the O—O bond energy was 
34*9 kcals. per mole. Bond length and force constant data, however, 
indicate that the O—H bond in HgOa is slightly weaker than that 
in the OH radical, which, in turn, is weaker than the 0 —H bond in 
H 2 O. Walsh («/. Chem. Soc,, 1948, 331) suggests that 96 kcals. per 
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mole is a more probable figure, and henoe deduces that E(00)ii,o. 
must be about 64 kcals. per mole. This value is consistent with the 
energies of other bonds which would be expected to be of similar 
strength. 

The parallelism between the bond energies deduced in this way 
and the force constants (k) derived from spectroscopic data is 
illustrated by the values for the linkages of the type H—X shown 
in Table I. 

TABLE 1 

Bond Energies and Force Constants 


Linkase. 





E (koalfl por mole) . 

80 

93 

no ! 

148 

k (dynoa per cm ) . 

4 09 X 10* 

6 6 X 10* 

7-66 X 10® ' 

1 

9 02 X 10' 


The next question which arises is what factors determine the 
energy and consequently the strength of any particular bond ? 
The earlier theories and the more recent views of Pauling, of Polanyi 
and his co-workers, and of many others have now been revised, 
combined, and very considerably extended by Walsh (Trans, Faraday 
Soc.f 1947, 43, 60 ; J, Chem, Soc., 1948, 398) so that a fairly clear 
picture is now presented. 

Walsh enumerates the factors influencing the strengths of bonds 
as being the electronegativity of the bonded groups, bond polarity, 
overlap of atomic orbitals, and repulsion of filled atomic orbitals. 
These factors will be discussed successively. 

Firstly, as the binding of electrons in a molecular orbital is related 
to that in the atomic orbitals from which the molecular orbital is 
derived, bond strengths would be expected to increase with increase 
in the electronegativity of the bonded atoms. Electronegativity can 
be regarded as the power of an atom in a molecule to attract electrons 
to itself, and this concept was put on a quantitative basis by l^auling 
(J. Amer, Chew, Soc,, 1932, 54, 3570) through the following argu¬ 
ment. If it be assumed that the bonds between like atoms can be 
regarded as of purely covalent typo, then the bond energy of a pme 
covalent bond A—B would be the arithmetic mean of the bond 
energies of A—^A and B—B. Any difference (A) between the energy 
of this bond and this arithmetic mean would be due to the additional 
ionic character of the bond and hence closely related to the difference 
between the electronegativities of the atoms concerned. He found 
that these A values did not obey an additivity relationship, but that 
their square roots did so, and the values of 0*208 VA, i,e. the square 
root of the energy values expressed in electron-volts, were taken as 
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a measure of the diffeience between the electronegativities of the 
atoms. From such data the values shown in Table II were assigned 
to the electronegativities of some common elements. 

TABLE II 

SiiECTRoinBaATiviTY VALUES (Pauling) 

H 21 O 2*6 N 3 0 O 3-5 V 4 0 

Si 1*8 P 21 S 2-5 Cl 3 0 

Qe 1*8 As 2 0 Se 2*4 Br 2-8 

I 2-5 

This approach has been followed up by several workers, particu¬ 
larly Gordy (J. Chem» Phys.y 1946,14, 306), who devised an empirical 
relationship between bond strength and the product of the electro¬ 
negativities of the bonded groups. Although this relationship 
showed satisfactory accord with the available data in a number of 
cases, there were some outstanding exceptions, notably hydrogen 
peroxide and fluorine. This will be shown later to arise from the 
fact that electronegativity is an important factor in determining 
bond strength, but not the only one. 

That there is a general relationsliip, however, is shown by 
comparing the electronegativity values shown in Table II with the 
bond energies for linkages of the type H—X in Table I and for 
linkages of the type X—X in Table III. In each of the groups of the 


TABLE III 

Bond Enebqies of X—X Bonds 


Bond. 

E (kcols per mole) . 

(C— C)C,H, 

90 

(N-N)n,H, 

04 

(O—0)h,0, 
04 

(F-F)f. 

04 

Bond. 

E (koals per molo) . 

(Si—Si)si,n, 

51 

(P-P)P. 

44 

(8-S)s. 

54 

(Cl-ClKi, 

68 

Bond. 

E (koals. per mole) . 

(Go—Oe)oe,H, 
34 

(As—A 8 )A 84 
34 

(So—Se)se, 
41 

(Br—Br)Br, 
40 

Bond. 

E (kcals per molo) . 


i 


(I— 1 ) 1 . 

30 


periodic table the electronegativity and bond energy of the X—X 
bond each decrease with increasing atomic number, although the 
difference between the bond energies of the fluorine and chlorine 
molecules is less than would be anticipated from the great difference 
between their electronegativities. On the other hand, the fact that 
the bond energies of N—N, 0—0, and F—F linkages are almost 
equ€J, and the bond energy of the C—C bond 60 per cent, greater 
than these, is quite contrary to the electronegativity theory. 
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For the particular case of carbon, Walsh has pointed out the 
special importance of the eflFoct of hybridisation of the s and p 
orbitals on electronegativity. It has been shown by Coulson that 
the average value of the position of the electron is further from the 
nucleus for the 2p than for the 28 orbital, so a carbon atom will have 
greater electronegativity when exerting a 28 than when exerting a 
2p valency ; thus the 2p electrons are less strongly bound than are 
the 2s electrons. The important consequence of this, Walsh has 
shown, is that in a hybrid valency the atom will have the greater 
negativity the greater the proportion of 8 character in the valency. 
One would anticipate, therefore, a progressive increase in the electro¬ 
negativity of the carbon atom, and consequently in the strength of 
the C — H bond, on passing from the CH radical, where the valency 
is of a pure p typo, through methane, with tetrahedral sp^ hybridisa¬ 
tion, and ethylene, with trigonal ap^ hybridisation, to acetylene, 
where the a bond has the digonal sj) hybridisation. This change 
is reflected in the progressive increase in the force constants of the 
C — H bond, the decrease in the bond length, and an increase in the 


bond energy 

(Table IV). 




TABLE IV 



Mi>lecule. 

k(C -H) 


E(C H) 

(dynoa per < in ) 

(A.) 

kcal8 per tuole 

CH radical 

4 09 X 10«^ 

M 20 

80 

CH 4 . . 

4-97 X 10» 

1094 

101 

C.H. . . 

51 X 10» 

1087 

106 

O.H, . . 

6-85 X 10* . 

1069 

121 


Prom the viewpoint of ordinary chemistry, the theory is sup¬ 
ported by the acidity of acetylene and by the fact that propiolic acid 
is a stronger acid than acrylic acid. Further, the studies of Braude 
and Jones (J. Ghent, Soc., 1946, 128) of the relative reaction velocities 
in processes requiring electron accession at the reaction centre 
showed that vinyl carbinols undergo acid-catalysed isomerisation 
with rate constants 200-12,000 times the values for the correspond¬ 
ing acetylenyl carbinols, thereby showing that the acetylenic carbon 
atom has a greater electron-attracting power than the ethylenic one. 
This difference in electron attracting power was recognised by Braude 
and Jones, but explained by them from a rather different point of 
view to that discussed here. 

The effect of the state of hybridisation on the electronegativity 
of the carbon atom suggests that the greater strength of the bonds 
between a vinyl or phenyl group and, say, a halogen atom is nut due 
entirely to resonance involving the lone-pair electrons of the halogen 
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atom. It also accounts for the fact that the bond energy of the 
C—C bond in ethane is much greater than that of the N—bond in 
hydrazine. 

Another consequence of the theory is that for compounds of the 
type CHjX—CH^X, where X is an atom or group of greater electro¬ 
negativity than hydrogen, the bond strength of the C—C bond should 
be increased, because, having so to speak been partially denuded of 
the electrons shared with the group X, the carbon atoms tend to 
hold the more firmly to the electrons held between them. There is 
a large amount of evidence in favour of this ; for instance Bateman 
and Jeffrey (Nature, 1943, 152, 446) have shown that the bond 
between the central carbon atoms in compounds of the structure 
C==C—C—C—C=^ is appreciably shorter than that in ethane. 

Thus the electronegativity of the atoms concerned has a profound 
effect on the bond strength, but the anomalies show that it cannot be 
the sole factor which operates. Coulson (Proc. Roy, 8oc., 1939, 
A169, 413) has shown that the linear combination of atomic orbital 
approximation of the molecular orbital theory predicts that for a 
given bond the bond strength decreases with polarity. However, 
although Skinner and Sutton (Trana, Faraday 8oc,, 1944, 40, 164) 
emphasised the importance of this factor in determining the bond- 
lengths of the halogen derivatives of tin, arsenic, and nitrogen, it was 
generally neglected until its importance was stressed by Walsh (ibid,, 
1947, 43, 60). 

In the absence of any polarity effect it would be anticipated that 
replacement of one hydrogen atom in ethane by a hydroxyl group 
would increase the strength of the C—C bond, owing to an increase 
in the electronegativity of the carbon atom which becomes linked 
to the hydroxyl group. Actually this bond strength is less in ethyl 
alcohol than in ethane, an effect which may be attributed to the 
polarity introduced into the bond. Similarly in spite of the central 
carbon atom in keten CH 2 === 0 ==rr 0 having a digonally hybridised 
configuration, the C—C bond, being polarised, is no stronger than 
that in ethylene, whereas in carbon suboxide (>==<3==</=MI!^==^ the 
reduced polarity of the C — C bonds and the increased electro¬ 
negativity of the carbon atoms linked to the oxygen atoms cause 
these bonds to be stronger than that in ethylene. 

Extreme examples of this effect would be anticipated in cases 
where a co-ordinate linkage is formed. Thus, when dimethyl ether 
forms a complex with boron trifiuoride (CH,),© —BF„ the 
donation of one of the lone pairs of electrons of the oxygen atom to 
complete the octet of the boron atom should have the effect of 
increasing the electronegativity of the oxygen atom towards the 
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electrons of the C—O bond. This bond, however, is actually 
weakened as a result of its increased ijolarity. The fact that the 
B—F bonds are also lengthened and weakened is attributed partly 

to the increase of the initial B—F polarity and partly through the 
change of the boron valencies from trigonal to tetrahedral. 

Again, the bond polarities in the NH 4 + and HaO+ ions cause 
the N—H and O—H bonds in these ions to be weaker than in 
ammonia and in water respectively. 

These facts raise an important question regarding the nature of 
these polarised bonds. It has become common to describe them as 
involving resonance between a “ normal ” covalent bond and a 
“ normal ” ionic bond. For such cases there is usually ascribed to 
the bond a resonance energy, but this is based on the assumption 
that the bond energy is higher in the intermediate state than in 
either of the extreme states, which is contrary to observation. 
Walsh suggests that, as the internuclear distance in the purely ionic 
structure is ajjpreciably greater than in the purely covalent structure, 
one of the essential conditions for resonance is absent; only if the 
resonance energy were sufficient to stretch the purely covalent bond 
and to compress the purely ionic bond to its actual length could 
resonance between the two forms occur in a particular bond. 

Yet another factor which must be taken into account, however, 
is the principle of maximum overlap, i.e. that, other things being 
equal, the greater the overlap of atomic wave functions the greater 
the strength of the resulting molecular orbital. Thus, for instance, 
the “ sideways ” overlap of the pn bonds is less than the endwise 
overlap of the pa bonds, and hence the n bonds in double and triple 
bonds are weaker than the a bonds. This question of orbital 
overlap leads to a limit in the increase of bond strength with increas¬ 
ing electronegativity of the atoms. Thus, on passing from nitrogen 
and oxygen to fluorine, that is, as the electronegativity of the atoms 
increases, the 2p electron distributions will contract inwards towards 
the nucleus until a point is reached where, in order to secure appreci¬ 
able overlap of the atomic wave functions, the nuclei must be so 
close that appreciable repulsion between them results. Therefore, 
beyond a certain point, increase of electronegativity may weaken 
rather than strengthen the bond. 

This rather surprising conclusion receives strong support from 
the variation of the O—O bond strength in peroxides ; the greater the 
transfer of negative charge to the oxygen atoms the greater is the 
bond strength. This must mean that the electronegativity of 
the oxygen atoms is too great to give an overlap corresponding to 
the maximum bond strength, and that reduction of their electro- 
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negativity increases the overlap, strengthening the bond. Conse¬ 
quently it is not surprising that Gordy's relationship failed for the 
O—O bond in hydrogen peroxide. 

It has been pointed out that fluorine has only a slightly greater 
bond energy than chlorine, in spite of the much greater electro¬ 
negativity of the fluorine atoms. Walsh’s suggestion that the F— 
bond strength is diminished by the reduced overlap is supported by 
the fact that in CIF the bond strength is much greater ( 86*6 kcals. 
per mole), although a polarity effect is introduced and the electro¬ 
negativity product reduced. This increased bond energy was 
attributed by Pauling to the resonance energy arising from the more 
ionic character of GIF, but, as has been mentioned, this is contrary 
to the usual effect of polarity in the bond and, in any case, such an 
effect would be scarcely expected to have the large effect here 
observed. 

That the N—bond in hydrazine is weaker than the C—C bond 
of ethane, is probably due partly to the reduced overlap and partly 
to the peculiarities of hybridisation. The fact that the N—bond 
of N 1 O 4 is even weaker than that of hydrazine (the force constants 
being 1*5 x 10* and 3*6 x 10* dynes per cm., re 8 i)ectivoly) can be 

explained as caused by reduced overlap in the N—N bond of Ng 04 

— + + — 

consequent upon the high dipole in each NO, group, thus 0,N—^NO,. 

Again, the dissociation energy of the central C—C bond of 
glyoxal appears to be lower than that of ethane, in spite of the 
relatively small C—C distance (about 1*47 A.) This circumstance 
can be explained by the high electronegativity of the carbon atoms 
and consequent small size of the carbon orbitals, which leads to a 
reduced overlap. 

Finally, several anomalies can be explained if it be assumed that 
pairs of electrons in parallel filled atomic orbitals repel each other 
strongly. This repulsion is the electron pair bond theory analogue 
of the antibonding orbitals of the molecular orbital theory. The 
fact that the oxygen molecule has two unpaired electrons, as shown 
by its paramagnetism, has been difficult to explain on this theory, 
although it follows quite naturally from the molecular orbital 
theory. If it is supposed, however, that the 2p, atomic orbitals 
overlap to form a pa bond, the doubly filled orbitals will repel one 
another and set themselves along axes at right angles to one another, 
whilst each doubly filled orbital is along an axis parallel to that of 
the singly filled orbital of the other atom, giving the configurations 
^Px^P^Pt ^Px^py^Pa on the two atoms, respectively. Walsh 
supposes there to be an attractive interaction of a single electron 
with a parallel lone pair, so that the oxygen molecule has a lower 
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energy state than would be represented 0=0. With nitrogen, of 
course, there is no effect of this kind at all, as all the 2p orbitals are 
only singly occupied, but this rejjulsion must cause a considerable 
reduction in the bond strength of the fluorine molecule and to a less 
extent of the chlorine molecule. 

Repulsion of adjacent filled atomic orbitals appears to occur in 
the carbon tetrachloride and carbon tetrafluoride molecules, thereby 
accounting for the fact that the carbon-halogen bond energies are 
lower than the silicon-halogen bond energies in the corresponding 
silicon halides. It may be assumed that the much larger size of the 
silicon atom reduces the repulsion between the orbitals. 


ORGANIC CHEMISTRY. By A. W. Johnson, M.A., Ph.D., A.R.C.S., 
University Chemical Laboratory, Cambridge. 

Chlohamphknk^ol ; CHLOROMYOfiTiN. —Chloramphenicol is the 
generic name applied to an antibiotic first isolated from the filtrates 
of submerged aerated cultures of a new Streptornyces sp., S, venezuelm 
(Ehrlich, Gottlieb, Burkholder, Anderson and Pridham, 7. Bact.y 
1948, 56, 467), obtained from a sample of field soil collected in 
Venezuela (Ehrlich, Bartz, Smith and Joslyn, Science^ 1947, 106, 
417) and independently from an actinomyceto isolated from a 
compost soil from Urbana, Illinois (Carter, Gottlieb, Anderson et 
al,, J. Bact,, 1948, 55, 409 ; Science, 1948, 107, 113). The com¬ 
pound is, however, better known as Chloromycetin, which is the 
trade mark adopted by Parke, Davis & Co. The new antibiotic 
is of considerable interest as it is active against stiveral gram-negative 
bacteria and it has pronounced antirickettsial activity, e.g. in the 
treatment of scrub typhus and typhus fever, as well as some activity 
against viral infections (Smadel et aL, Science, 1947, 106, 418 ; 
1948, 107, 160; Smith, Joslyn, Gruheit, McLean, Ponner and 
Ehrlich, J. Bad., 1948, 55, 425). Moreover it possesses a low toxi¬ 
city and is well absorbed on preoral administration. 

The active principle was isolated by a relatively simple extraction 
and adsorption technique (Bartz, J. Biol. Chern., 1948, 172, 445) 
and it was obtained as colourless needles or elongated plates, m.p. 
149-7-150-7°; [a]f? —25-5° (ethyl acetate). It was a neutral 
compound, soluble in water to the extent of 2-5 mg./c.c. but very 
soluble in most organic solvents. Analysis indicated the formula 
CiiHijOjNgCla, and it exhibited the unique feature of containing 
both nitrogen and non-ionic chlorine. It was stable between pH 2 
and 9 for more than 24 hours and it was unchanged on boiling 
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with water for 6 hours, but on the other hand was more than 87 
per cent, inactivated at pH 10*8 in 24 hours at 25°. The ultra¬ 
violet absorption spectrum (Ef^n. 2780 A. = 298) suggested that 
chloramphenicol (I) Was a nitrobenzene derivative and this was 
confirmed chemically, e.g. by reduction, diazotisation and coupling 
with / 3 -naphthol, when an orange-red precipitate was obtained, so 
that, in addition to the unusual feature of being a naturally occurring 
chlorine-containing compound, the antibiotic became the first 
naturally occurring nitro compound. (A second example has since 
been provided in that hiptagenic acid, which occurs as its glycoside, 
hiptagen, in the bark of the tree, Hiptage mandoblata, has been 
identified as /3-nitropropionic acid ; Carter and McChesney, Nature, 
1949, 164, 575). Furthermore, on the basis of the absorption 
spectrum it was suggested that the chlorine was not directly attached 
to the benzene ring (Rebstock, Crooks, Controulis and Bartz, 
J, Amer. Chem. 8oc., 1949, 71, 2468). Two alcoholic hydroxyls 
were revealed by the formation of a di-O-acetyl derivative, and 
carbonyl and primary amino groups were absent, although after 
hydrolysis with acid or alkali a bcise C 9 H 12 O 4 N, (II) was obtained 
which formed an N-acetyl and a N:0:0-triacetyl derivative. In 
addition to this base, dichloroacetic acid was formed, and more¬ 
over reaction of (II) with methyl dichloroacetate re-formed chlor¬ 
amphenicol, which was therefore regarded as a N-substituted 
dichloroacetamide, CHCl,.CO.NHR. The structure of (II) followed 
readily from the results of periodate oxidation, when the products 
were p-nitrobenzaldehyde, formaldehyde, formic acid and ammonia, 
and thus the amino group must be in the 2 -poBition of the propyl 
chain. Hence the structure (I) was derived for chloramphenicol 
and the above reactions may be represented : 


NH.CO.CHCI2 

NO,— ^ ’y -^-d-CH.OH 


OH 


Ao,0/pyridino 
OH' 



CH,OAo 


(H) 


NOfH ^ \ -CHO + H.CHO + H.COOH + NH, 
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The stereochemical configuration of chloramphenicol was related 
to the ephedrine series and it was shown, by considerations of 
stability and optical rotation of derivatives, that it belonged to 
the y-ephedrine series having the D-( —) threo configuration (as in I). 

Three different 83 m[theses of chloramphenicol were announced 
at the same time as the proof of its structure. In the first (Con- 
troulis, Rebstock and Crooks, 2463) the carbon skeleton was 
built up by the reaction of benzaldchyde and nitro-ethanol and 
the series of reactions employed was as follows : 

+ CH,NO,.CH,OH 

1 

^y-CUOH.OH(NO,).CH,OU 

^H,(Pd) 

^V-CHOH.CUNH,.CH,OH 

I fractional cryHtalliHation 


Amorphous threo base 

0:N-diacotyl derivative 


0:0:N-triacotyl derivative 

h 


I 


Crystalline erythro base 


HNO, 

NHAo 
H I 

NO,- y -C--CH,OAo 


H 


OAc 

hydrolvBis; 

lcHci,.coocn, 
(I) (60 per cent, activity) 



^hydrolysU 

OH NH.CO.CHCl, 


NO -hT V-C 


-C—CHoOH 


H H 


(Biologically inactive) 


The resolution of the optically inactive product (I) so formed waa 
achieved by fractional crystallisation of the d-camphorsulphonates, 
when the compound was identical in every respect with 
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chloramphenicol and the D-(+) enantiomorph had < 0-5 per cent, 
of the biological activity. 

Further syntheses were directed towards preparations of the 
base (II) (Long and Troutman, ibid., 2469, 2473) which might be 
suitable for large-scale production, e.gr. 

CrO, 

PhCHO fCHjNO, PhCHOH.CHjNO, -► 

reduction; HCHO 

PhCO.CHjNO, -► Ph.CO.CHjNHAc -► 

Ac.O NttHCO, 

H./N1 

PhCO.CHNHAo.CHgOH -► 

Ac,o 

PhCHOH.CHNHAc.CIlaOH -► PhCHOAo.CTlNHAc.CH.OAc 

Nitration gave the p-nitro derivative which yielded (II) on hydro¬ 
lysis. A closely related synthesis was described using p-nitroaceto- 
phonone as the starting material. Chloramphenicol is thus the 
first antibiotic of major importance to be synthesised in quantity. 

Vitamin Bja. The Anti-Peknictous An^:mia (APA) Fac^tor.— 
The early work on the anti-pernicious anaemia fa(*tors from liver 
was summarised by SubbaRow, Hastings and McElkin (Vitamins 
and Hormones, New York, 1945, 3, 237) and emphasised the varia¬ 
tion in the chemical preparations to which activity had been 
attributed. The considerable progress of the previous twenty 
years since the demonstration by Minot and Murphy (J. Amer. 
Med. Assoc., 1926, 87, 470) that liver was effective in the dietary 
treatment of pernicious anaemia patients led to the conclusion that 
it would be “ reasonable to expect the isolation and identification 
of the active material to be an attainable object.’’ This object 
was fulfilled to a large part in 1948 when two groups of workers 
independently isolated from liver, crystalline products in the form 
of small red needles which were highly potent in the treatment of 
the disease (Riekes, Brink, Koniuszy, Wood and Folkers (Science, 
1948, 107, 396; 108, 134) and Smith (Nature, 1948, 161, 638; 
162, 144)). The two products were later shown to be identical 
(Brink et aL, J. Amer. Chem. Soc., 1949, 71, 1864; Smith Proc. 
Boy. Soc,, in the press), and the factor was named vitamin B^a* 
The original authors showed that the red colour was due, at least 
in part, to the presence of co-ordinately bound cobalt and that, 
in addition, nitrogen and phosphorus were present, although sulphur 
was absent. This is the first isolation of a naturally occurring 
cobalt compoimd, although this element has long been recognised 
as an essential factor in ruminant nutrition (e.g. Tosic and Mitchell, 
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Nature, 1948, 162, 502). When tested for activity in the clinical 
treatment of pernicious anaemia, positive responses were obtained 
with doses of 1-5 /^g. daily and the new vitamin is thus one of the 
most potent physiologically active compounds (West, Science, 1948, 
107, 398). Moreover, vitamin Bjj proved to bo a highly active 
growth factor for the organism Lactobacillus hictis Dorner (Shorb, 
ibid,, 397 ; J. Biol, Ghem,, 1947, 169, 455) and this was used by the 
American workers as the basis of a method for microbiological 
assay. The vitamin is also a growth factor for chicks reared on 
a diet deficient in animal protein factor (Ott, Rickos and Wood, 
ibid,, 1948, 174, 1047 ; r/. also Stokstad et al, ibid,, 1949, 180, 
647, who conclude that another factor is also required), for rats 
and for baby pigs (Johnson and Neumann, ibid,, 1949, 178, 1001 ). 

The isolation of the vitamin from crude liver, where it occurs 
in very low concentrations, is a lengthy procedure which must 
involve no acid or alkaline treatments, as these were shown to 
cause deactivation {e,g, Rickes et al., Science, 1948, 108, 134). 
The purification has been described by the English workers (e.g. 
Smith and Parker, Proc, Biochem, Soc,, 1948, 43, viii; Smith, 
Proc>, Boy, Soc,, in the press) and depended on multiple adsorptions 
and extractions, although it was complicated by the fact that the 
red colour was not apparent until relatively pure concentrates had 
been achieved. A third isolation of vitamin from liver (Ellis, 
Petrow, and Snook, J. Pharm. Pharmacol,, 1949, 1, 60) has been 
reported and it has been shown that this product is identical with 
the earlier preparations (Brink et al., J. Amer. Chem. Soc., 1949, 
71, 1854). The early stages in the isolation depended entirely on 
the microbiological assay which was carried out in the (llaxo labora¬ 
tories by determinations of the growth response of L, lactis Dorner 
by the cup plate assay ((Juthbertson et al,, Analyst, 1948, 73, 334 ; 
Proc. Biochem. Soc., 1949, 44, v). The American methods for B^ 
assay using this organism have also been described, although it is 
likely that different strains were used (Shorb and Briggs, J, Biol. 
Chem,, 1948, 176, 1463 ; Caswell, Koditschek and Hendlin, ibid,, 
1949, 180, 125). Shive, Ravel and Eakin (J. Amer. Chem, Soc,, 
1948, 70, 2614) and Wright, Skoggs and Hutt {J. Biol, Chem., 
1948, 175, 475) have shown that thymidine (I), in relatively high 
concentrations, will allow the growth of L. lactis Dorner on Bi*- 
deficient media, and the interrelationship of purines and vitamin B^ 
has been discussed by Shive et al. {ibid,, 1948, 176, 991) and Tomarelli 
et al. (ibid,, 1949, 179, 485). The existence of thymidine, the two 
clinically active red substances and a fourth microbiologically 
active component in liver extracts can be demonstrated by a com- 
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bination of partition chromatography together with microbiological 
assay on a solid medium (Cuthbertson and Smith, Proc, Biochem. 
Soc,y 1949, 44, V ; 45, xii; Winsten and Eigen, J. BioL Chem.y 
1949, 177, 989). The rather complex growth requirements of 
L. Idctis Domer {e,g. Greene, Brook and McCormack, ibid., 1949, 
178, 999; Shaw, J, Pharm. Pharmacol,, 1949, 1, 695, 701) have 
led other workers to recommend L, leichmannii 313 as a test organism 
for the crystalline anti-pernicious anssmia factor (Hoffmann, Stok- 
stad, Franklin and Jukes, J. BioL Chem,, 1948, 176, 1466; Lees, 
Emery et al,, Proc, Biochem, Soc., 1949, 45, ii ; J. Pharm. Phar¬ 
macol., 1949, 1, 705) as well as for the “ animal protein factor 
which is closely related to vitamin Bj, (Skeggs et al,, J, Biol. Chem,, 
1948, 176, 1469 ; Stokstad et al., ibid., 1949, 180, 647). 

The difficulties of isolation of vitamin B^ from liver naturally 
led to a search for alternative sources and the Merck group (Rickos 
et al., Science, 1948, 108, 634) have obtained products showing 
Bia activity from a number of other sources, and from the culture 
broths of Streptomyces griseus, the species used for streptomycin 
production, they were able to isolate crystalline vitamin Bia> identi¬ 
cal with that obtained from liver. Full details of the exj^erimontal 
procedure are not yet available. 

Meanwhile several groups of workers had begun an investigation 
of the chemical properties of crystalline vitamin Bj, and it was 
soon established that the molecular weight was of the order of 1600 
and that the approximate formula was Cei. 64 Hge ^tNigOigPCo 
(Brink et al., J, Amer, Chem. Soc., 1949, 71, 1854). The refractive 
indices of the crystals were characteristic (Rickes et al., Science, 
1948, 108, 634) and the absorption spectrum showed bands at 
2780, 3610 and 6500 A. (Ellis, Petrow and Snook, he. cit. ; Brink 
et al., he. cit.). Vitamin Bjg is a polyacidic base (potentiometrio 
titration) and solutions are optically active, = — 69 ±9®. 

On heating, the crystals blacken at 210-220° but do not melt below 
300°. Mild acid hydrolysis caused the liberation of phosphate 
(Ellis, Petrow and Snook, J. Pharm. Pharmacol., 1949, 1, 287) 
and, although more vigorous acid hydrolysis failed to reveal any 
amino-acids, these authors {ibid., 1949, 1, 735) have claimed that 
2-amino-1-propanol is liberated, which was detected by its reaction 
with ninhydrin and provisionally identified by its behaviour on 
paper chromatograms. Apart from this compoimd, there is pro¬ 
duced during the acid hydrolysis a new basic compound, 5:6- 
dimethylbenziminazol (II), the structure of which was confirmed 
by its synthesis, and vitamin B^g was therefore assigned the formula 
(III) (Brink and Folkers, J. Amer. Chem. Soc., 1949, 71, 2951): 
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CH.CH,.CHOH.CH.CHgOH 

N 


OC^ ^CH 


L 


N C.CH, 

V 


iH 


(I) 






(in) 


Holliday and Potrow {J, Pharm. Pharmacol,, 1949, 1, 734) 
claim to have identified (II) by means of its characteristic absorp¬ 
tion spectrum in the acid hydrolysis product of vitamin and 
they also obtained spectroscopic evidence for the existence of two 
unidentified 1 -substituted-5: 6 -dimethylbenziminazole 8 in this pro¬ 
duct. Alkaline fusion of vitamin (Brink et al,, J, Armr, Chem, 
Soc., 1949, 71 f 1864) gave volatile products which gave colorations 
with p-dimethylaminobenzaldehyde. This test, although far from 
8 |>ecific, could indicate the presence of pyrroles. Purines have not 
been detected in Bn hydrolysates. 

Catalytic hydrogenation of solutions of vitamin B^g (Kaezka, 
Wolf and Folkers, ibid,, 1949, 71, 1514) yielded a dark brown 
solution which changed to red on aerial oxidation. From the 
latter, a new crystalline, biologically active material was obtained, 
and was designated as vitamin The existence of more than 

one red chemically active factor in liver was recorded by Smith 
in his first paper (Nature, 1948, 161, 638; cf, Proc. Biochem. 8oc,, 
1949, 44, v) and the crystallisation of a second compound in the 
form of small rod-like crystals has been reported recently by the 
Lederle group (Pierce et al., J. Armr, Chem. Soc,, 1949, 71, 2962). 
The absorption spectrum showed peaks at 2730, 3510 and 5250 A. 
and the product was biologically active in the assay with L. 
leichmannii 313 and in the chick assay (Stokstad et al,, J, Biol. 
Chem,, 1949, 180, 647). This compound was named vitamin 8 x 2 * 
and a similar crystalline product was also obtained from the cultures 
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of 8. aureofOfCiena (used for the production of the antibiotic auroo- 
myoin). 

It is certain that very rapid progress will be made in the chemistry 
of the anti-pemicious anaemia factors and further advances may 
well be reported even before this account is pubUshed, but, what¬ 
ever the future may hold, the chemical isolation of vitamin 
will always rank as an outstanding achievement in the chemistry 
of naturally occurring compounds. 


GEOLOGY. By G. W. Tykrkli,, A.R.C.Sc., D.Sc., F.R.S.E., Tlic Univi r- 
sity, Glasgow. 

Major Earth Structures and Tectonic Geology. —It is fitting 
to place at the head of these “ Advances ** a brief preliminary notice 
of what is perhaps the most important book on earth structures since 
E. Suess’s Das Antlitz der Erde^ Dr. W. F. Hume’s work on “ Ter¬ 
restrial Theories. A Digest of various Views as to the Origin and 
Development of the Earth and their Bearing on the Geology of 
Egypt ” {Egypt: Geological Survey, Government Press, Cairo, 1948. 
Pp. xlviii 4 * 522, Index (separately paged) ICO pp., 45 plates and 
map in pocket, 37 figs.). It is modestly subtitled a “ Digest,” but 
it is much more than that; it is a connected and reasoned survey 
of earth theories culled from no fewer than 307 major and minor 
works on the subject in most of the languages of science. The 
magnificent detailed index covers 160 closely printed pages of small 
quarto size. The mere physical labour of this compilation alone, 
not to speak of the intellectual labour, must have been enormous. 

The Introduction gives some of Dr. Hume’s “ Personal Reflec¬ 
tions ” on the topics covered by the book. Then follow chapters 
on the Nature of the Universe, Nature and Origin of the Solar System, 
Theories of the Origin of the Earth, Nature of the Earth’s Internal 
Structure, Isostasy, Radioactivity and Convection Currents, Con¬ 
tinents and Oceans (including Continental Drift) and with an 
Appendix covering newer papers on the subject (mainly 1939-40), 
Nature of Pre-Cambrian Continental Areas and, finally, Considera¬ 
tions regarding Presence or Absence of Life in Pre-Cambrian Times. 
While the bearing on the geology of Egypt is always kept in view, 
the discussion ranges over the whole earth, and it is greatly to the 
credit of the Geological Survey authorities of Egypt to have published 
such an important and world-ranging work. 

In the Third William Smith Lecture of the Geological Society of 
London, Professor F. A. Vening Meinesz reviewed hypotheses of 
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convection currents in the earth in relation to major tectonic 
phenomena (Quart, Journ, Oeol, Soc,, GUI, 1948, 191-207). It is 
very difficult to summarise this closely-knit lecture in a short para¬ 
graph. The hjrpothesis of convection currents seems to explain the 
main tectonic features of the East Indian arcs, the most closely 
investigated area of tectonic disturbance on the earth. The solution 
involves the presence of convection currents which sink below the 
basins and rise beneath the tectonic belts. The author also touches 
on the problem of the antipodal relations of the continents and 
oceans which have led to the formulation of the tetrahedral theory 
of the earth. He rejects the view that the earth, in shrinking, tends 
towards a tetrahedral deformation. A more satisfactory explana¬ 
tion is found in a system of major convection currents which wore 
present in the earlier stages of the cooling of the earth, rising currents 
towards the corners of the hypothetical tetrahedron, descending 
currents in the opposing directions beneath the major basins. 

The Fourth William Smith Lecture, delivered by Professor P. 
Eskola, dealt with “ The Problem of Mantled Gneiss Domes ” 
(Qiiari, Journ, Oeol. Soc., CIV, 1949, 461-76). In many erogenic 
zones dome-shaped structures consisting of gneisses oecur, which 
have a mantle of sediments with their stratification parallel to their 
contacts with the dome and the foliation of the gneiss. Mantled 
domes in the Karelidic erogenic zone of eastern Finland show variable 
characters, but in most of them the upper part of the dome has 
become migmatised and granitised during the doming process. It 
has a veined structure and a potash-rich ideal-granitic ’’ com¬ 
position, although its original composition may have been grano- 
dioritic or quartz-dioritic. Similar domes are found in the 
Appalachians and in the Alps, but in the latter they have been 
greatly deformed. 

A necessary condition for the production of mantled domes is 
that the region should have been subjected to two orogenic revolu¬ 
tions—in Finland, the Svecofennidic and Karelidic. They appar¬ 
ently represent early granitic intrusions of orogenetic character, later 
eroded, levelled and covered with a mantle of sediments. During 
the second orogenic cycle the pluton was mobilised anew and new 
magma was injected into the plutonic rocks at the same time as it 
was converted into gneiss, thus causing the migmatisation and 
granitisation or palingenesis. Professor Eskola finally speculates 
whether such concentrations of granitic matter in orogenic zones 
may be a consequence of convection currents consisting mainly of 
granitic material which soaks into the older orogenic structure, 
causing it to swell up into domes. 
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The paper by A. Rittmann, Zur Thermodynamik der 
Orogenese ” (Otol. Rundsch., XXXIII, 1942, 485-98) defies brief 
summary. It is based, of course, on his larger work Die Vulkane 
und Hire Tdtigkeit (1936) which has recently appeared in a revised 
Italian edition ( Vvkani: aUivitd e genesis Napoli, 1944). Rittmann 
ascribes tectonic phenomena mainly to the distribution of tempera¬ 
ture in the earth’s crust. Accordingly in this theory earth structures 
are closely associated with volcanism and plutonism (in Read’s sense). 
This paper is a brief summary from the geotectonic point of view of 
his larger work. It deals in succession with such topics as the 
mechanical equivalence of kraton and orogen ; energy-sources in 
geotectonics; equilibrium in the earth’s crust; fundamental 
differences between kratons and orogcns ; geoB 3 nicline 8 ; folding ; 
uplift and plutonism; border-deeps; undations ; orogenio, fore¬ 
land and backland volcanicity ; geothermy during orogenesis ; heat 
economy in orogenesis ; phases of orogeny; continental geosyn¬ 
clines ; continental drift and the Mid-Atlantic Rise. 

V. Oppenheim’s study of the “ Structural Evolution of the South 
American Andes ” {Amer. Joum. Sci., 245, 1947, 158-74) shows 
that the Andean erogenic belt is divisible into two main provinces 
of differing geological characters. The western cordilleras are built 
of an enormous and almost continuous granitoid batholith associated 
with volcanic rocks. It has a normal block-faulted structure such 
as would be produced by vertically-acting forces. The age of the 
uplift is mainly Upper Mesozoic. On the other hand the eastern 
cordilleras are composed of sedimentary and metamorphic rocks 
often with a crystalline basement exposed in the cores of the folds. 
The ages of the sediments vary from early Paleozoic to late Tertiary, 
and geosynclinal conditions of deposition are clearly indicated. 
Structurally the ranges are mainly block-faulted, but there is 
thrusting on the easternmost margins. The age of the uplift is late 
Tertiary to Quaternary. 

The western batholith thus acted as a borderland to the eastern 
geosynclinal troughs, thus explaining the thrusting of the eastern 
ranges against the continental foreland. This concept eliminates 
the necessity for a hypothetical Pacific continent advocated by some 
authors. The Andean orogenic belt is thus ascribed to the slow 
vertical growth of the western batholith. 

In a second paper, “ Theory of Andean Orogenesis,” Oppenhoim 
(Amer. Joum. Sci.^ 246, 1948, 578-92) suggests that the western 
cordillera originated from a volcanic island-arc similar to those that 
form the Aleutian and Caribbean arcs. The development culminated 
in the formation of an igneous range, separated by a geosynclinal 



GEOLOGY 


107 

depression from the continental land mass, and bordered by a deep 
oceanic trough. He stresses the parallel with the arcs that fringe 
the east Asiatic coast. By this theory the unity of the circum- 
Pacifio belt in regard to structure, volcanism and seismicity, is 
brought out. The whole unitary phenomenon of the circum-Pacific 
belt is regarded as the expression of deepseated subcrustal convection 
forces which are still in active operation. 

A. J. Eardley advances somewhat similar ideas in regard to “ The 
Palaeozoic Cbrdilleran Greos 3 mclino and Related Orogeny ” {Journ, 
OeoL, LV, 1947, 309-42). In North America the cordilleran geosyn¬ 
cline in Palaeozoic times consisted of two main troughs, a western 
or Pacific consisting of volcanic rocks, greywackes, slates and cherts 
in every system, folded, partly metamorphosed, and invaded by 
great batholiths of Mesozoic age ; and an eastern or Rocky Mountain 
trough containing marine limestones, shales and sandstones for the 
most part unmetamorphosed. The associated volcanic materials 
are mostly andesites and have been derived from the west as have 
also the sediments. It is suggested that a volcanic archipelago 
flanked the Pacific trough to the west, which was the site of con¬ 
tinuous orogeny during the Palaeozoic, and that conditions were very 
similar to those now existing in the island arcs of eastern Asia. 

An interesting paper on “ The Relation of Volcanicity and 
Orogeny to Climatic Change,” by V. E. Fuchs and T. T. Paterson 
(GeoL Mag., LXXXIV, 1947, 321-33), draws attention to ** the 
possible effect of vast synchronous volcanic eruptions and associated 
earth-movement, not only on local but on world climate.” In 
Part t Fuchs writes on ‘‘ The Volcanics of East Africa and Pluvial 
Periods.” He suggests that there is a clos^ relationship between 
earth-movements, volcanicity, the blanketing effect of volcanic dust 
in the upper atmosphere (the ‘‘ anti-radiation umbrella ”), and the 
rise and fall of lake levels. The effect of volcanicity on world climate 
depends on the degree of synchronism between the great volcanic 
outbursts of the world. 

Part II by T. T. Paterson deals with “ The Cause of the Ice Ago 
and the essential Rhythm of the Pleistocene.” Pleistocene strati- 
graphical correlations show “ the coincidence of widespread tectonic 
activity and glaciation and, in the tropics, the synchroneity of phases 
of crustal readjustment and major pluvial periods.” Glaciation is 
basically due to epeirogenic alteration of relative heights and levels 
of land and sea, and is augmented by genetically related volcanicity. 
A part of Paterson’s final paragraph is worth quoting in view of 
recent events : “ we may surmise the world has just witnessed 
the commencement of a new epoch during which the genus Homo, 
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brought into being during this great catastrophe [i,e. the last great 
deformation] will no doubt find time to flourish, to elaborate, and 
finally to extinguish itself.” 

In a paper on “ The Geology of the Eastern Part of the English 
Channel ” Professor W. B. R. King {Quart. Joum. Oeol. Soc., CIV, 
1949, 327-38) brings together existing information on the geology 
and structure of south-eastern England and north-western France, 
with scraps of information relating to the rocks forming the floor of 
the eastern part of the English Channel. The echelon arrangement 
of the folds which is seen on both sides of the Channel is believed to 
continue on the floor of the intervening sea, and a map of probable 
submarine outcrops has been constructed. From Admiralty sources 
comes some evidence for a large outcrop of Triassic rocks in mid- 
Channel south of the Isle of Wight. 

P. H. N. White and H. R. Lovely have described the “ Gravity 
Data obtain<*d in Great Britain by the Anglo-American Oil Company 
Limited ” {Quart. Journ. Oeol. Soc.y CIV, 1949, 339 -64), and their 
success in depicting and analysing the broad geological framework 
of the surveyed areas, as well as many minor structural features, 
notably in southern England and the eastern Midlands. Original 
discoveries have also been made by the use of the gravimeter, 
notably the subsurface configuration of the Carlisle Basin and 
folding beneath that town ; the true shape of the Cheshire Basin 
as a rift structure lK)unded by normal faults ; the eastward con¬ 
tinuation of the Wharfe Anticline beneath the Permo-Trias ; the 
discovery of the Lindholme Anticline in south Yorkshire; and of 
the marked anticlinal bulge around Gringlcy to the east of Gains¬ 
borough. The memoir is illustrated by a number of detailed maps. 

N. L. Falcon has critically studied the available evidence on 
the “ Tectonic History of the Malvern Hills ” {Oeol. Mag.y LXXXIV, 
1947, 229-40) and comes to the following conclusions : (1) that 
the overfolding and ovorthrusting of the Silurian, and the over¬ 
folding of the Lower Old Rod Sandstone on the western side of the 
range, took place dming the interval between the end of the Lower 
Old Red Sandstone and the beginning of the Upper Coal Measures, 
probably during the violent movements which preceded the deposi¬ 
tion of the Upper Coal Measures ; and (2) that the eastern side 
of the Malverns is to bo regarded as a Triassic unconformity akin 
to that of Chamwood Forest, and not as a major post-Triassic fault. 

M. F. Kuthan has made a very detailed study of “ Die Oszilla- 
tion, der Vulkanismus und die Tektonik von Reykjanes ” (English, 
with summary in Czech) {Sbomik Prirodov. Fac. Slovenskej Univ. 
Bratislavay IV, 1943, 1-108). Reykjanes is the south-western 
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peninsula of Iceland, where swarms of small volcanoes, craters, 
hot springs, etc. are aligned along systems of fissures the main 
direction of which is N.E. S.W. But there are also secondary 
systems in which the main direction is N. 80° E., with a subordinate 
N. 5° E. direction. These secondary systems are wedged in 
between the main blocks. Kuthan envisages fracture tectonicis 
caused either by a lateral stretching of the basement or by its dome¬ 
like or ridge-like uplift. Some blocks thus subside and many of 
the major fractures must reach down to magmatic foci. Whether 
the initiation of the movement of the blocks is in the sense of 
Wegener’s drift theory or van Bemmelen’s undation theory Kuthan 
leaves undecided ; but he makes the suggestion that the uplift of 
the Mid-Atlantic Rise, on which Reykjancs stands, may be the 
controlling factor. 

A number of important memoirs on the tectonics of areas in the 
Near East and the Far East have recently been published. Thus, 
S. W. Tromp has offered “ A Tectonic Classification of the Main 
Structural Units of the Anatolian Orogenic Belt ” (Journ, QeoL, LV, 
1947, 362-77) in which five tabular summaries give a valuable 
conspectus of the main structural and stratigraphical units, not only 
of the Anatolian Ix^lt but also of their possible continuations in the 
Balkans and northern Italy. The main clue was afforded by a study 
of the boundary between the so-called Arabian and Anatolian facies 
in southern Turkey, and the location of the “ Ismit-Erzerum Line,” 
a regional fault zone comparable with the San Andreas Fault in 
California, which includes the epicentres of the recent devastating 
earthquakes in Asia Minor. Stratigraphical and structural evidence 
indicates the continuation of this zone through the Balkans into 
northern Italy. 

In a paper ” Notes on the Geology of the Elburz Mountains, 
north-east of Tehran,” Sir E. B. Bailey, R. C. B. Jones and S. Asfia 
(Quart Joum, OeoL Soc., CTV, 1948, 1-42) announce the discovery 
of Cretaceous limestone in the Lar valley, and of new tectonic events 
in the geological history of the district. Two separate earth move¬ 
ments, formerly confused, have been recognised. The earlier is late 
Cretaceous or earliest Tertiary, the later late Miocene, and the two 
events are separated by an extensive period of early Tertiary erosion. 
The earlier movement involves the thrusting of Old Red Sandstone 
over Lias ; the later is indicated by the steep intricate folding of 
Oligocene Green Beds. The latter, 3000 ft. thick, is a submarine 
volcanic accumulation rich in radiolaria, consisting mainly of 
rhyolitic and andesitic ashes. The great Quaternary volcano of 
Demavend grew with such extreme rapidity within the eroded 
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mountains of the Elburz that it disturbed and deflected the drainage 
of the region, and led to the formation of L. Lar which is now 
emptied by the downcutting of its spillway. 

In his paper “ Tektonik und Magma in der Xnsel Celebes und der 
indonesische Grebirgstypus,” H. A. Brouwer {Proc, Nederl. Akad. 
Wetensch.y XLIV, 1941, 1-9) shows that in the central part of the 
island three main zones can be distinguished : (1) An eastern zone 
distinguished by the wide distribution of basic and ultrabasic igneous 
rocks, Mesozoic limestones and radiolarian cherts ; (2) a median zone 
of epi- to meso-metamorphic muscovite-rich schists ; and (3) a 
western zone distinguished by the wide distribution of granodioritic 
igneous rocks, biotite-schists, and more coastal types of sediments 
than in (1). Rocks of zone (2) are locally exposed within zone (1). 
This median zone is to be regarded as the eastern border region of the 
granitoid plutons and the younger lavas. Three orogenic types are 
distinguished: Andean (magmatic) type ; Alpine type character¬ 
ised by very great transverse shortening of the affected region ; and 
an Indonesian type which in many respects is intermediate between 
the other two. Like the Alpine, the Indonesian type started from 
a geosynclinal phase which was, however, diversified by rises 
(Schwellen). 

T. K. Huang, chief geologist of the Geological Survey of China, 
has published a memoir “ On Major Tectonic Forms of China ** 
{Nat, Oeol, Surv. Chirm. Oeol, Mem. Ser. A, No. 20, 1945, 165 pp.) 
which is a connected account of structural forms in China proper, 
but including also marginal regions such as the Karakoram and Lake 
Baikal in Siberia. The writer has not seen this memoir, but good 
reviews by R. T. C. {Joum. Oeol., LV, 1947, 59-60) and W. B. H. 
{Oeol. Mag., LXXXIV, 1947, 54-6) provide the reader with an 
adequate idea of its contents. In his treatment of continents and 
geosjmclines, orogeny and epeirogeny, and the classification of 
genetic types, the author mainly follows the ideas of Stille and 
Argand. He groups the orogenic structures as Deckengebirge, 
Faltengebirge, Bruchfaltengebirge, and Blockgebirge, and presents 
the orogenic cycles (since the Cambrian) as Caledonian, Variscian 
(comprising three sub-cycles from late Devonian to the end of the 
Permian), Indosinian (late Trias to Lias), Yenshanian (in three 
phases from late Jurassic to the end of the Cretaceous), and the 
Himalayan (in three phases corresponding to those of the Alps). 
There follows a theoretical chapter on the geotectonic make-up of 
China. The growth of the Asiatic continent is regarded as due to 
the southward migration of geosynclines with their subsequent 
foldings outwards from the old Angara Massif, an illuminating 
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conception which parallels to some extent a similar view of the 
growth of Europe outwards from the Baltic Shield. 

In his ‘‘ Remarks on the Tectonic History of Yunnan with special 
reference to its Relations to the Type of the young Orogenic Deform¬ 
ation,” P. Misch (Bull. OeoL Surv, China^ XXV, 1945, 47-154) 
discusses the tectonics of Yunnan in some detail, because the types 
of late deformation (Late Mesozoic; Early Tertiary) are different 
in different parts of the region, and seem to have been controlled 
by what had happened in earlier periods. Three main tectonic units 
are involved : (1) the East Yunnan Basin which, during many of 
the periods of subsidence, was the western part of a larger basin; 
(2) the Central Yunnan Swell which, at a late period, was converted 
into a basin ; and (3) the West Yunnan Para-synclino ; the strike 
of all three being nearly N. to S. Prior to the latest folding and 
since the Pre-Cambrian only epeirogenic movements took place. In 
the Pre-Cambrian both orogeny and epeirogeny occurred ; subse¬ 
quently epeirogeny occurred several times in the Palaoozoic and 
Mesozoic. In the late orogeny referred to above the East Yunnan 
belt shows “ sinotjpe ” deformation which is intermediate between 
Stille’s alpinotype orogeny of mobile geosynclinal areas, and his 
Cermanot 5 pe disturbances of consolidated foreland areas. In 
western Yunnan pronounced alpinotype structures are found. Misch 
correlates these differences with long-continuing differences in the 
epeirogeny of underlying basement units. 

A “ major contribution to structural and historical geology ” 
has been made by T. Kobayashi in his memoir “ The Sakawa 
Orogenetic Cycle and its Bearing on the Origin of the Japanese 
Islands ” (Joum. Fac. Sci. Imper. Univ., Tokyo, Sect. Ill, V (Part 7), 
1941, 219-578). The writer has not seen this memoir but an 
excellent review by J. Rodgers (Amer. Jonm, Set,, 246,1948, 67-61) 
gives Kobayashi’s main conclusions. The Sakawa Orogenetic Cycle 
covers the Jurassic and Cretaceous. After two preliminary epeiro¬ 
genic phases in the Jurassic there followed three orogenic phases : 
(1) Oga Phase in the Wealden, involving spectacular overthrusting 
and batholithic intrusion ; (2) Oshima phase, of late Neocomian age, 
represented by considerable folding but not, in Rodger’s opinion, as 
important as the other two ; and (3) Sakawa phase, in Cenomanian 
time. This is the main orogeny and produced a remarkable zone 
of imbrication extending 600 miles from near Tokyo to western 
Kyushu. Following this main orogenic phase there was minor 
epeirogeny in the Senonian, and the extrusion of acid tuffs and lavas. 
The Sakawa orogenic cycle was accompanied by plutonism and 
metamorphism on the grand scale. 
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During the war the Q.S. Navy accumulated vast numbers of 
soundings in the Pacific Ocean. Combining these with those already 
existing on the charts, it has been found possible to construct far 
more detailed and accurate bathymetrical charts of the area than 
heretofore. H. H. Hess has extracted the geological significance 
from the first of these new charts to be published in a paper on 
“ Major Structural Features of the Western North Pacific, and 
interpretations of H.O. 6485 Bathymetrical Chart, Korea to New 
Guinea” (Bull. Oeol. Soc. Amer.y 59, 1948, 417-46). This chart is 
provided with the paper and is a remarkable production. 

The most striking topographical and structural features are the 
enormous elongated trenches or deeps from Japan to Palau, which 
are more continuous than was previously indicated. East of this 
zone of deeps a portion of the North Pacific basin is shown which 
differs markedly in topography, structure, and petrology from the 
island-arc provinces to the west. These zones are separated by the 
so-called “ Andesite Lino.” The concave side of the curved deeps 
includes from one to three parallel geanticlinal swells on which 
volcanic islands are situated. In general the eastern and southern 
belts of arcs and mountains are related to Late Cretaceous-Early 
Tertiary deformation which has continued spasmodically up to 
Recent time. The western belt, which includes southern Japan, the 
Ryukus, Formosa and the western Philippines, is probably the 
product of mid-Mesozoic deformation. It is significant that both 
deformations have associated belts of peridotite intrusions. 

In a closely-argued paper, “ Erosion and Tectonics in the East 
African Rift System,” F. Dixey (Quart. Journ. Oeol. Soc., CII, 1946, 
339-88) suggests that the Rift System has developed mainly from 
an ancient series of fractures dating from the later Jurassic, and that 
it is due in part only, and that often a minor part, to post-Tertiary 
fracturing. Consideration of the Karroo and Jurassic structures 
within the Rift Zone leads to the conclusion that major folding took 
place in later Jurassic time, locally raising the resistant pre-Karroo 
complex to great heights from which the high-level residual plateaus 
have been carved. The surviving tracts of Karroo and Jurassic 
sediments still occupy low-lying basins representing the original 
major synclines. Trough faulting followed within the elevated 
areas, bringing down strips of sediments which were subsequently 
eroded to form ancestral rifts.” Within the frame of this earlier 
rift system much of the Pleistocene rifting took place, forming 
narrow lake basins within an ancient topography. During the long 
history of intermittent continental uplift and concurrent base¬ 
levelling, the early fractures and trough faults have acquired a high 
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relief, largely owing to the removal of the weaker Karroo and Jurassic 
sediments. The vigorous criticism which followed Dr. Dixey's paper 
centred mainly on whether the elevated areas were of tectonic or 
erosional origin, and the extent of the post-Tertiary faulting. 

A paper by L. C. King, “ On the Ages of African Land-surfaces ” 
{Quurt. Journ, Oeol. Soc., CIV, 1949, 439-59), makes it clear that it 
is a tectonic as well as a morphological question. The primitive 
surface of the southern half of the continent is now regarded as 
modified “ Gondwana ” rather than Miocene, as hitherto. Later 
surfaces were carved by new cycles following mid-Tertiary and later 
uplifts. Thus, since the rough shaping of the continent the uplift is 
believed to have been not more than 2000 ft., except locally. Local 
deformation played a more important role in i>roducing these surfaces 
than previously believed. 

The paper by G. F. S. HiUs on “ The Rift Valleys of Africa ” 
(Amer. Joum. ScA., 246, 1948, 171-81) is much compressed and 
difficult to summarise briefly. It presents a new theory based on 
gravitational deficiency to explain the rift systems. The author 
regards the raised areas as remains of ancient mountain ranges with 
much granite. The latter component is much thicker in mountain 
ranges than in continental basements. Radioactivity therefore 
raises the base of a range to a much higher temperature than the 
bases of continents. Hence the ranges rise after folding ; tension 
fissures develop on their flanks, and the rift valleys are believed to 
represent the fissures filled with basaltic lavas as they opened. This 
view, however, does not square with the known deficiency of gravity 
below the rifts ; and the author has to introduce a rather far-fetched 
theory of the “ dispersal ” of granite and basalt to the same extent 
beneath the plateaus and rifts respectively. But as basalt is the 
heavier material its loss caused a relative deficiency of mass beneath 
the rifts. 


BOTANY. By Professor W. H. PEARSAXiL, D.Sc., F.R.S., University 
College, London. 

Ecology and Plant Distribution.— The fact that the Ninth 
International Phytogeographical Excursion was held in Ireland this 
summer was responsible for tho appearance of two long-awaited 
papers dealing with plant distribution in the British Isles. The first 
of these papers was Professor H. Osvald's account of vegetation of 
the British and Irish peat-mosses, the second was Professor Knud 
Jessen’s comprehensive paper on his work on the plant remains of 
Irish peat-bogs. 
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Professor Osvald’s paper (Acia Phytogeog. Stieeica, 26, 1949) is 
mainly descriptive of the vegetation types in the numerous bogs he 
has examined since he first started this work in 1921. Apart from 
the interesting details of bog vegetation in different localities which 
cannot be treated here, a particularly important part of this paper 
is the survey of the details of peat drainage and of the development 
of peat erosion in different instances. In general this results from 
inequalities of surface, which are most pronounced in areas with low 
winter temperatures, and which are subsequently accentuated by 
water movement or wind erosion. In tracing these features, many 
interesting details are given of natural development in British bogs. 

Restricting the term bog to base-poor peats and their vegetation, 
there is, in general, as one passes westward from Sweden to the far 
western parts of the British Isles, a marked change in bog vegetation 
and bog type. In Sweden all bogs are of the “ raised-bog ” type, 
originating mainly in depressions or old lake basins but presenting 
a convex profile, but in the western British Isles “ blanket-bogs ” 
predominate, areas of peat which have overflowed all slopes except 
the steepest. 

In the western bogs Molinia cceruka and Myrica gale become 
increasingly abundant, whereas in Sweden these are confined to the 
bog margins and other wet areas. Narthecium and SpJiagnutn 
papillosum are also a striking feature of the western bog areas. Other 
notably western species are Pinguicvla vulgaris, Carez panicea, 
Phynchospora fusca. Lycopodium selago, Campylopus atrovirena, 
Pleurozia purpurea and Sphagnum aubsecundum. Sphagnum fuscum, 
a characteristic species of the Swedish bogs, is very rare in Western 
Britain. 

Species considered to be confined to blanket-bogs include such 
plants as Orchis maculata, Pedicularis palustris, Luzula congesta, 
L. silvatica, Polygala vulgaris, Potentilla erecta, Deschampsia flexuosa, 
Schoenus nigricans. 

Professor Osvald dismisses os unsubstantiated the idea that the 
major peculiarities of the blanket-bogs are due to soil drainage. He 
thinks that the major changes in bog types are associated with 
climatic influences. This is a view which has been frequently 
expressed by British ecologists, notably by Tansley in The British 
Islands and their Vegetation and it has been shown by Pearsall 
(J. Ecol., 26, 298, 1938) that these drifts in bog vegetation and in 
climate are associated also with changes in the properties of the peat, 
which becomes more acid in drier climates, presumably owing to 
increased possibilities of oxidation. As similar effects are to be 
traced in any one locality where differences of drainage occur, it 
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seems evident that the climatic effects are largely dependent upon 
changes in the quality of the peat which they produce. 

It is to be noticed in very wot climates that the contrast between 
raised-bogs and blanket-bogs tends to disappear just as differences 
in soil tend to become more uniform owing to the over-riding effect 
of the permanent saturation by water of the peat surface. Under 
these conditions the pH of the peat remains high, above pH 5, and 
soils are permanently deficient in oxygen. The type of bog found 
under these conditions has been described by Pearsall and Lind 

(J. EcoU 29, 62 , 1941). 

Another enquiry into this type of problem has been carried out 
by D. A. Webb (J. Ecol,, 35, 105, 1947) in describing the vegetation 
of Carrowkeel, a limestone hill in north-west Ireland, where on the 
summit plateau peat is devolo|Xid above and in contact with the 
limestone, with Httle or no perceptible trace of mineral soil between 
the peat and the limestone. There is thus no evidence of a profile 
showing signs of leaching or normal soil development, and it is clear 
that the initial process of peat formation must have been the 
accumulation of humus immediately on the limestone surface. It is 
considered that the fairly high rainfall and the very low evaporation 
must have been the factors inducing this condition, and it is thought 
possible that the effect of peat itself, quite apart from base-deficient 
soil, may load to peat formation becoming as it were auto-catalytic. 

Some of the peculiar features of the far western bogs have been 
attributed to the possibility that sea-spray containing salt might be 
carried inland with great frequency, thus possibly affecting the 
character of the soil and its resultant vegetation. T>. A. Webb has 
recently re-examined this question in surveving the acidity, chloride 
content, and other chemical features of Irish waters (Proc. Roy, 
Dvblin 8oc,y 24, 215, 1947). He has concluded, in this connection, 
that there is a reasonable correlation between sodium and chloride 
content present in the surface waters and the possibility of con¬ 
tamination of soils by wind-borne sea-spray. Thus the far western 
stations examined show high figures for sodium and chloride 
irrespective of the type of rocks from which the waters are 
derived. 

The second of the larger papers mentioned in the first paragraph of 
this review is Professor Jessen’s report on late Quaternary deposits 
in Ireland and peat stratigraphy {Proc, Roy. Irish Acad.y 52B, 
83-290, 1949). The work falls into three parts. First comes an 
account of the stratigraphy of various peat deposits in different parts 
of Ireland—^illustrated by admirable profile diagrams drawn to scale. 
Next comes a description of the species and material identified in 
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these deposits. Finally there is a detailed account of the post-glacial 
development of the flora in Ireland. 

In the la^-glacial period, Ireland was an oceanic sector of the 
sub-arctic Birch-region of north-west Europe. There were copses 
of birch (Beivla pvbescena) and stretches of open country, which in 
the west were covered by heaths rich in Empetrum and elsewhere 
by a vegetation of grasses and herbs whose character cannot be 
closely deflned. 

This was followed by a period in which open tundra-like vegeta¬ 
tion and heath predominated, including plants like Salix herbacea, 
Dryers octopetalay Betula nana and much Empetrum nigrum in the 
north-west. 

Later, in the post-glacial, came a Hazel-Pine period when the 
most of Ireland was covered by forest. The climate was oceanic 
(for Erica cinerea, E, Mackaii, E. tetralix and Hedera were present), 
but there seems reason to believe that it was rather drier tlian in the 
following period and that it gradually became slightly warmer than 
at the present day. A later period of much alder extension followed, 
when both holly and ivy also spread freely. Bogs, both raised-bog 
and blanket-bog, began to develop, forming a highly humified peat. 
The climate was oceanic and appears to have been rather more moist 
than in the preceding period. Erica Mackaii and Eriocaulon 
septangulare lived in the west of Ireland, and there is a suggestion 
(derived from the molluscan fauna of the raised beaches) that the 
temperature was normally higher than it is now. 

Next came a decline in the forest area and the occurrence of 
pollen of Plantago lanceolataf indicating the development of pastures. 
Myrica gale is recorded from bogs in western Ireland. At the end 
of the period pine and birch often extended on to the bog surface 
and peat formation came nearly to a standstill. This is approxi¬ 
mately the Bronze Age in time. It was folloi^ed by marked climatic 
deterioration. Thus the disappearance of trees increased with more 
rapid bog growth and the extension of cultivation. 

The details of this woik are thus invaluable to any study of the 
history of the Irish flora. They raise again the problems associated 
with plant distribution in that country. On the whole Professor 
Jessen takes the view that, during the laat general glaciation, Ireland 
was treeless except for sporadic birch groves, perhaps mainly in the 
AUerod period. Thus most of the woodland plants must have been 
absent, although there is clear evidence of the survival of consider¬ 
able floras, mainly either timdra species or water and swamp plants. 
It appears from ^e present evidence that the vegetation developed 
in much the same way in Ireland as in the Dani-Scanian region* 
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Pinu8 sylvestris was, however, notably late in appearing in Ireland. 
The facts do not support any theory of a glacial forest-region near 
to and just south of Ireland but that the glacial timber-line must 
have been some considerable distance away. Professor Jessen 
points out that there is nothing in the evidence to exclude the 
possibility that the American element in the Irish flora survived at 
least in the later glacial period. On the other hand, the Lusitanian 
plants are not always so easily accounted for and some of them, like 
Arbutusy may be later tree immigrants into the island, although on 
the whole the species are light requiring plants growing on heaths, 
rocky places and pastures. 

Somewhat similar problems have been discussed by A. and D. 
LOve in their SUidies on the origins of the Icelandic flora (Dept. Agric., 
ReylcjnvilCy B, No. 2, 1947). The particular problem they have 
investigated is the distribution of Cakile in Iceland. There are two 
similar species C. maritima, met with on European coasts, and 
C. edentnla, which is American and which includes three sub¬ 
species. The latter is found in Iceland, almost continuously diotri- 
buted on the west coast and only occurring sporadically elsewhere. 
It is a tetraploid species, 2n — 36 in contrast to the European 
C\ ynaritima which is diploid, = 18. The hypothesis is advanced 
that C. edentnla has been dispersed from Iceland to America under 
the influence of oceanic drifts and that this has taken place since the 
last glaciation. 

A useful general discussion of the origin of the Icelandic flora is 
also added. It is probable that at least 30 per cent, of the present 
flora of higher plants has been imported by man during the last 
1200 years. A smaller number of species like Cakile may have been 
brought during the earlier post-glacial from other countries by sea 
currents, by birds or by wind, but the authors think that not more 
than 15 per cent, of the present flora can have migrated in this 
manner. Thus at least 50 per cent, of the present flora appears to 
have survived the latest glaciation and perhaps the whole Ice-Age 
in Iceland. Examples of these species are given. 

Taxonomy.— In continuing their studies on northern species on 
similar lines, A. and D. LOve have compiled a list of the chromosome 
numbers of northern plants so far as they are known (Dept Agric.y 
Reykjavik, B., No. 3, 1948). This is an extension of an earlier list 
and is a very valuable addition to the literature of this subject. 

It has of course been evident, from a recent work, that the 
concepts underlying taxonomic studies have for some time been 
changing and extending. In this field there are, of course, the 
praotical problems dealing with the effects of hybridisation and of 
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genetical changes as well as their impact on theories of taxonomy. 
An excellent example of the practical problems has been presented 
by D. H. Valentine in his studies of British primulas (New Phyty 46, 
229, 1947 ; and 47, 111, 1948). Dr. Valentine haa more recently 
considered some of the theoretical implications of these and relative 
problems in determining the units of experimental taxonomy (Acta 
Bioiheor., 9, 75, 1949). In this paper the following definitions are 
envisaged: 

1. ^-ecospecies. Groups with the same chromosome number 

between which there are well-defined morphological, 
ecological and geographical differences and which, under 
artificial or natural conditions, are capable of only limited 
gene-exchange. 

2. a-ecospecies. Groups differing in chromosome number be¬ 

tween which there are well-defined ecological and geo¬ 
graphical differences and which are capable of only limited 
gene-exchange. 

3. ecotypes. Groups forming genetically distinct components 

of ecospecies, adapted to special types of environment and 
capable of unlimited gene-exchange. 

4. cytotypes. Groups forming polyploid components of an 

ecospecies. 


ZOOLOGY. By William Holmes, M.A., D.Phil., The University, Oxford. 

Protozoa. —^That deceptively simple creature is still reluctant 

to yield up its secrets. Amoeboid movement, the form of living activity 
in which a mass of protoplasm changes its shape, flows, and pro¬ 
gresses as a whole, seems such a simple case of the transformation of 
chemical energy into vital movement that one might expect from 
Amoeba to gain fundamental knowledge of protoplasmic activity. 
But a recent review of theories of amoeboid movement shows that 
advance is slow and fragmentary (de Bruyn, Q. Rev. Biol., 1947, 
22, 1). The author emphasises how the veurious theories of the 
mechanism concerned have been biased by contemporary modes of 
interpretation of the structure of living matter : interpretations in 
terms of the structure of colloidal solutions of globular proteins, and 
of local surface tension changes, have given way to those based on 
the existence within the o 3 rtoplasm of a contractile sub-microscopic 
skeleton. But our actual knowledge goes only so far as the move¬ 
ments and changes that can be seen through the microscope. A 
great variety of inclusions can readily be seen in the protoplasm of 
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Amceba, and there is still need for the oareful examination of its 
structure, by all the repertoire of microsoopioal technique. A 
substantial contribution to this description has been made by 
N. Andrfesen (CM. Trav. Lab. Carlaberg, 8er. chim.y 1943, 24, 139). 
His lengthy paper on the cytoplasmic components in Amoeba con¬ 
tains direct observations on the mode of formation of pseudopodia, 
and on the existence of different states of the protoplasm, as repre¬ 
sented in the classical terms plasmasol, plasmagel, hyaline cyto¬ 
plasm and plasmalemma. All the inclusions are surveyed, by 
techniques varying from vital staining to the study of paraffin 
sections, and similar studies were made after centrifuging. It 
cannot be said that any startling conclusions arise from this work, 
but it should form a satisfactory basis for further studies of a physio¬ 
logical and histochemical character which are now being carried on 
in a concerted attack on Amoeba in the Carlsbcrg laboratories. 

The animal actually used in the Carls berg studies is charmingly 
named Chctoa chaos Linn6, but it is not so very different from the 
Amoeba proieus of the elementary text-book; indeed, the very 
nomenclature of the Amosbas is in dispute, and for recent contribu¬ 
tions to the discussion of the taxonomic characters of the group one 
may refer to notes by King and Jahn (Science, 1948, 107, 293) 
and by Wilber (ibid.y 445). 

Paramecium is still the subject of studies from all sorts of points 
of view. Woodruff has contributed an interesting historical article 
in discussion of the problem of who it was who first saw the creature, 
and it is illustrated by delightful reproductions of all the early 
drawings that were made of it (Trans. Connecticut Acad.y 1945, 36, 
617). Mast has written a long and careful account, supported by a 
most useful bibliography, of “ The Food Vacuole in Paramecium,” 
considering the process structurally and physiologically (Biol. BvU.y 
1947, 92, 31). The animal selects its food to some extent, the 
selection taking place in the tube leading from the mouth ” into 
the “ pharynx.” In forming a food vacuole the cilia in the pharjmx 
force fluid with particles in suspension against the membrane over 
the distal end of the pharynx, producing a sac, the oesophageal sac. 
As the oesophageal sao enlarges particles become concentrated 
within it, largely owing to the passage of water through the mem¬ 
brane into the cytoplasm. Then the sac is pinched off, and becomes 
a food vacuole, probably as a result of the organised contraction of 
a group of cytoplasmic fibrils inserted upon that region of the 
ingestion apparatus. After the vacuole has left the pharynx it is 
drawn on a fixed course, probably by these fibrils, to the posterior 
end of the body, whence it slowly passes on a variable course to the 
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fixed point of ejection. There are great variations in the size of the 
vacuole during its passage, probably connected with great changes of 
pH which also occur—from 1*4 to 7*8. Protein, fat and starch can 
be digested. 

Lund, in a similar but less detailed study of the feeding processes 
of various other ciliated protozoa, emphasises the importance in all 
of them of c 3 rtoplasmic fibrils, independently contractile, which he 
calls ''endoral fibres” (J. Morphol, 1941, 563). Andrews, too, 
shows the complexity of the permanent feeding apparatus of these 
animals, and in a study of “ The Ingestion Organs in Pollioulinids 
and Stentors ” he gives a useful definition and standardisation of the 
terms used to describe the parts of the system (J. MorplioL, 1946, 
79, 419). 

The use of the electron microscope has made possible the study 
of the structure of cilia, trichocysts and flagella. A recent descrip¬ 
tion of the former is that of Jakus and Hall, who used the shadow¬ 
casting technique. They give very beautiful photographs, showing 
that a discharged trichocyst has a sharply pointed tip and a cross- 
striated shaft. The tip is opaque, shaped like a golf tee, and not 
flattened by the dehydration process involved in the technique. 
The dried shaft in contrast is greatly flattened. A cilium con¬ 
sists of a bundle of fibrils, about eleven in number, each fibril having 
a diameter of from 300 to 600 A. No sheath holding them together 
could be seen, so that if such a structure is present it must be very 
delicate (Bioh BuU., 1946, 91, 141). The structure of flagella is 
described by Poster et al, {Biol. BuU., 1947, 93, 114), and their work 
confirms the earlier account by H. P. Brown. They distinguished 
two types of flagellum : the first is composed of twisted fibrils in a 
rope-like arrangement; the second has a shaft from which small 
ciha-like structures project. 

Buchtal and Emappeis have compiled a bibliography of observa¬ 
tions made on the structure of Protozoa by means of the polarised 
light technique, including observations on the birefringence of the 
flowing cytoplasm of axopodia and lobose pseudopodia, on cilia, 
myonemes etc. (“ Die Doppelbrechung der einzelnen Zellen,” 
Tabulm Biologicmy 1939, 19, 346). Observations of structure made 
by this method can never become out of date, and the bibliography 
wUl have a permanent value. 

Almost every month new papers appear revealing still further 
details of cytoplasmic specialisation within protozoan cells, particu¬ 
larly in the Ciliates. There is no doubt that these organisms con¬ 
tain a mass of '' organelles ” which can be made clear by ordinary 
visible light microscopy after suitable staining; that is to say that 
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the Protozoa differ from the colls of Metazoa in that they have a 
greater variety of internal organisation on the microscopic level. 
Research has been particularly concentrated on what may be called 
the fibrillar system in oiliates. Much of this work has been done by 
G. and J. v. Gelei and by B. M. Klein. Their work is diflScult to 
follow, partly because each tends to use individual techniques and 
does not take the trouble to relate his own observations to those of 
others. C. V. Taylor made a brave attempt to disentangle the 
subject in 1940 (in ProU)zoa in Biological Research, ed. Calkins and 
Summers). Here we must draw attention to a more recent review, 
by V. Gelei, entitled “ Feinstrukturen cinzelligcr Organismen ” 
{Jena, Zeitschr,, 1943, 76, 199), and to an account of stages of dif¬ 
ferentiation of the sub-pellicular “ silver-line ” system by Klein 
(Arch, Protistenk,, 1942, 96, 1). Both these articles are illustrated 
by beautiful photograx3hs. 

The fact that such remarkably complicated organelle-fibre 
systems can regularly bo demonstrated in constant form within 
Ciliates makes it clear that, even though the techniques of fixation 
and staining are brutal and empirical, there must be some under¬ 
lying regularity of living form. One looks forward, therefore, to 
the application to these animals of the most promising technique of 
phase-contrast microscopy, which can be applied to living cells or 
to well-fixed preparations. Now that this technique has been 
simplified and cheapened it may not be long before every student 
will be able to see more of the structure of a jirotozoan than any of 
his teachers has done till the present time. Accounts of a simple 
technique of phase-contrast are given by Kempson, Thomas and 
Baker (Quart, J, micr, Sci,, 1948, 89, 351), and by Baker, 
Kempson and Brunet (Quart, J, micr, 8ci,, 1949, 90, 323). 

The Status of the Protozoa, —It has repeatedly been stated that the 
Protozoa are not unicellular organisms, but rather non-cellular. 
This view arises partly from the meditations of those who study the 
protozoan organelles. Thus, at the end of the review cited above, 
v. Gelei writes : “no single cell of a Metazoan is equal to a Protozoan 
in complication or efliciency ... in my opinion it is incorrect to 
compare a single-celled organism with a single metazoan cell; one 
can only compare the single celled organism, which is a whole, with 
the whole Metazoan.” It also arises from the argument that a cell 
is defined as a unit of a Metazoan organism, and therefore cannot be 
used to describe the whole of an organism that is not multicellular. 

J. R. Baker has reconsidered the problem, and begins by seeking 
for a valid definition for the word cell (Nature, 1948, 161, 548). 
He concludes that the only precise and valid definition is that a 
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cell is : e mass of protoplasm, largely or completely bounded by a 
membrane, and containing within it a single nucleus formed by 
the telophase transformation of a haploid or diploid set of anaphase 
chromosomes.” He writes : ‘‘ It follows from this definition that a 
great number of Mastigophora, Amccbina, Heliozoa, and Sporozoa 
(aenau atricio = Telosporidia of Schaudinn) are single cells, which 
alternate between the diploid and haploid condition.” Many 
Protozoa, on the other hand, are not cells. The Badiolaria provide 
some of the best examples ; any animal with a i)olyploid nucleus is 
not a cell. Amongst the Ciliates forms such as Opalina are obviously 
multinuclear and so non-cellular; forms with a macro- and micro¬ 
nucleus are at the very least triploid, and in fact probably highly 
polypoid. 

Baker’s arguments should be read and discussed ; it is refreshing 
to see an old controversy taken on to new ground where the argument 
can be based on the marshalling and opposing of facts. 

The Malarial Parasite. —^The discovery of the part played by 
the mosquito in the transmission of the parasite Plaamodium led to 
the working out of the life-cycle that is now to be found in text¬ 
books. For years, however, there has remained an important gap 
in our knowledge of the cycle. The sporozoite stage, injected into 
the blood system of the vertebrate host by the mosquito, was des¬ 
cribed by Schaudinn as entering a red blood corpuscle. In fact, 
however, Schaudinn’s observation has never been repeated, and 
there has been, in human malaria for example, a mysterious period 
of about ten days, the incubation period of the disease, in which no 
parasites can be found in the erythrocytes in the circulating blood. 
It has long been suspected that there is some pre-erythrocytic 
(exo-erythrocytic) form of the parasite, developing in the internal 
organs during this quiescent period. In 1936 and 1937 RafFaele, 
and James and Tate, demonstrated that in the malaria of birds, 
caused by Plaamodium eUmgatumy such a stage does occur, involving 
a cycle of schizogony. 

The search for a similar stage in the mammal is of the needle and 
haystack kind, for the few sporozoites in the mosquito’s saliva are 
disseminated by the bloodstream, and are infinitely small in relation 
to the volume of the body of the host they occupy. Shortt, Garnham 
and Malamos faced this ^ificulty in 1948, and attempted to overcome 
it by injecting a tremendous dose of sporozoites, far greater than 
the normal input from a mosquito bite, into the blood-stream of a 
monkey of the species Mamca mulatta. The monkey parasite, 
P. cynomolgiy is very similar in morphology and known life cycle to 
the P. vivax of man. A few days after injection the animal was 
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killed, and the enormous labour involved in the study of sections 
of every tissue and organ in the body was rewarded by the dis¬ 
covery, in the monkey’s liver and in its liver only, of plasmodial 
masses which could be nothing else but a pre-erythrocytic stage of 
the malarial parasite {Brit. Med. J., 1948, i, 192). They then turned 
to man. A patient requiring the artificial inoculation of malarial 
parasites as part of the treatment for general paralysis volunteered 
as a subject, and he was infected by allowing large numbers of mos¬ 
quitoes infected with P. vivax to bite him, and by intravenous 
inoculation of quantities of the salivary glands of the same mos¬ 
quitoes. Seven days after the first inoculation a minute biopsy 
of his liver was taken, by a simple and painless technique, and sec¬ 
tions of this specimen revealed plasmodial masses studded with 
chromatin particles like those previously seen in the monkey. The 
missing stage was foimd, and we now know that, if this exo-erythro- 
c 3 djic stage in the liver could be eradicated by chemotherapy or other 
means, the disease malaria could be cured before it had given rise 
to any symptoms (Shortt, Gatnham, Coveil and Shute, Brit. Med. J., 
1948, i, 547). 

A later study of the liver of a monkey, taken 3^ months after 
sporozoite infection of the blood-stream, showed that schizogony 
was still taking place in the exo-crythroc 3 rtic bodies in the liver. 
Here there is a pathological basis for the mysterious clinical pheno¬ 
menon of the tendency of benign tertian infections to relapse 
repeatedly in spite of prolonged antimalarial treatment, and for the 
reappearance of erythrocytic forms of Plasmodium after the blood 
has been completely cleared of parasites (Shortt and Garnham, 
Bnt. Med. J., 1948, i, 1225). 

A second experiment on a human volunteer has recently been 
carried out using P. falciparumy the parasite causing the malignant 
tertian form of the disease, which is responsible for most deaths 
from malarial infection. In this case also a pre-erythrocytic stage, 
differing somewhat in morphology from that of P. vivaxj was located 
in the liver (Shortt, Fairley, Covell, Shute and Garnham, Brit. 
Med. J., 1919, ii, 1006). 

The Role of Mtoeo-Oroanisms in Mammalian Digestion.— 
Substantial advances have been made in our knowledge on this topic 
since the matter was last reviewed in this journal (F. Baker, Science 
Progress, 1939, 34, 287). Attention has, for obvious reasons, 
been concentrated on man and herbivorous animals, and much of 
the newer information comes from the study of the cow and the 
sheep. We may distinguish two main aspects of microbial activity 
in digestion : fimt, the organisms themselves may serve as food, by 
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their continuous multiplication producing organic matter which is 
digested by the host and nourishes it. Since the organisms them¬ 
selves feed on material ingested by the host animal, they do not 
increase the total amount of food theoretically available, but they 
may serve an important function by building up protein from non¬ 
protein nitrogen, which the host alone cannot do ; they may also 
synthesise vitamins absent in the diet of the host but needed by it, 
particularly vitamins of the B group. Secondly, the organisms may 
act on carbohydrate in the alimentary canal, creating food that 
could not be made available by the action of the enzymes of the 
host: some convert cellulose into substances like starch or dextrin ; 
others can turn simple carbohydrates into fatty acids which also 
serve as food (Barcrofb, Proc. Roy. Roc. Edin., B, 1945, 62, 105). 

A convenient account of this subject, including most of the 
current lines of research, will be found in the report of a Symposium 
on “ The Nutritional Role of the Microflora in the Alimentary Tract,” 
presided over by Dr. W. R. Wooldridge, and reported in the Pro¬ 
ceedings of the Nutrition Societyy 1946, *3, 195-256. (The “ micro¬ 
flora ” includes large numbers of Protozoa, which are indubitably 
animals.) The two roles of the micro-organisms, as distinguished 
above, cannot in practice be regarded as distinct. When ingested 
plant tissues enter the rumen of an ox or a sheep they are submerged 
in a dense mass of micro-organisms, and microscopic examination 
will soon show a vigorous reproduction of the organisms, so that 
they form a continuous covering over the ingested tissues, invading 
and decomposing them. Synthesis of organic matter is proceeding 
at the same time as the breakdown of cellulose (Thaysen, he. cit.y 
p. 196). The same author gives figures indicating that there is a 
daily synthesis of at least 180 g. of microbial protein in the rumen, 
and of 236 g. of acetic acid. That the host does in fact use the micro¬ 
bial protein has not been directly demonstrated, but it is indirectly 
shown by the fact that the organisms undergo marked changes 
indicative of digestive breakdown during their passage through the 
intestine, and by the fact that the protozoa and larger bacteria of 
the rumen contents are usually absent from the fasces (F. Baker, 
whose work is discussed at several points in the Symposium). 

The possibility that Ruminants might maintain normal health 
and growth on a diet in which the normal dietary protein is replaced 
by non-protein nitrogen is clearly of great economic importance, 
provided that such substances can be produced economically. 
Urea, which might be produced from atmospheric nitrogen, has 
been tested as a non-protein nitrogen source (J. A. B, Smith, loc. ciL, 
p. 203). Feeding trials have shown that in a'properly balanced diet 
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urea can successfully be used in this way, but readily available 
carbohydrate, such as starch or simple sugars, must also be present 
in the di^t. The greater part of the protein synthesis is attributed 
to the masses of micro-iodophile bacteria found in the rumen. It 
may be that the habit, observed in such non-ruminants as the rat 
and rabbit, of eating their own faeces, is a method of taking advan¬ 
tage of the microbial synthesis of protein (he, cit,, p. 214). 

It is now proved beyond doubt that the adult cow is independent 
of an exogenous supply of Vitamin B^, for although this vitamin is 
required by the animal it is manufactured in sufficient quantity by 
the bacteria in the aUmentary canal. Non-ruminants can similarly 
be supplied with at least a proportion of their vitamin needs in this 
way, supplemented, as in the case of protein, by coproxdiagy. 
Recent work suggests that vitamin synthesis by his symbionts is 
important also to man, a fact which may account for certain dis¬ 
crepancies and disagreements in the determination of the normal 
necessary intake of exogenous vitamins (S. K. Kon, loc. cit., p. 217). 
The syhiposium rcx)ort should bo consulted for further details, and 
for a discussion of such matters as the use by the host of the volatile 
fatty acids 83 mthe 8 ised by the micro-organisms. Another general 
discussion of the subject took place at a meeting of the Section of 
Comparative Medicine of the Royal Society of Medicine (Proc, Roy, 
8oc. Med,, 1946, 39, 802). 


PHYSICAL ANTHROPOLOGY. J3y N. A. Babnicot, B.Sc., Univer¬ 
sity CoUogo, London. 

Some recent papers have directed the attention of anthropologists 
to the condition known as sickle cell trait or sicklemia, which may 
prove very useful in tracing the relationships of certain j)opulation8. 
This inherited abnormality of the red blood cells was first described 
by Herrick in 1910 in a West Indian negro, and since that time it 
has been found to have a quite high incidence among many of the 
native peoples of Africa, but to be very rare in Euroj)eans. Her¬ 
rick’s case was associated with a haemolytic anaemia, and it is mainly 
because a certain small proportion of the people whose blood shows 
the trait are also afflicted by this severe pathological condition that 
a large literature has accumulated on the subject. The point of 
immediate concern to the anthropologist is the widely different 
incidence of the trait itself in different peoples, but it will be neces¬ 
sary to refer to the pathological work as well, because, on account 
of the anaamia, the gene for sicklemia is presumably subject to 



126 


SCIENCE PROGRESS 


negative selection, and this must be taken into account in inter¬ 
preting the frequency variation between populations. Before 
quoting some of the figures for the incidence of sicklemia in America 
and Africa, it will be helpful to consider the nature of the anomaly 
in more detail; useful general reviews, with emphasis on the patho¬ 
logy, may be found in Steinberg {Arch. Path,, 9, 876, 1930) and 
Lewis {Biology of the Negro, Chicago Univ. Press, 1942). 

A word first about the names ; the term sicklemia for sickle 
cell trait, although etymologically offensive, has wider currency 
than the somewhat cumbrous alternatives, drepanocytosis or 
meniscocytosis. It is important to emphasise again that the term 
sicklemia does not imply that the subject also has sickle cell anficmia, 
but means simply that his red cells exhibit this particular anomaly. 

If a drop of blood from a person with sicklemia is sealed from air 
under a coverslip, or in a tube under liquid paraffin, and left for 
24-48 hours at room temperature, some of the red cells will be 
found to have the form of an elongated crescent, resembling a 
caraway seed, often with long filaments on the points. This trans¬ 
formation, which was investigated carefully by Hahn and Gillespie 
{Arch, Ini, Med,, 39, 233, 1927), occurs only when the oxygen 
tension of the blood falls to a sufficiently low level; this happens 
slowly in sealed blood due to the respiration, of leucocytes and of 
any immature cells which may be present. On readmittance of 
oxygen the normal biconcave disc shape is resumed. Sickle cells 
do not therefore occur in the blood-stream of normal persons with 
susceptible cells, although it is said that they may be detected in 
some anaemia cases, and it is supposed that the low oxygon tensions 
in some parts of the vascular bed in these cases loads to sickling 
which results in blocking of vessels, increased local anoxia and 
hflemolysis (Murphy and Shapiro, Trop, Dis, BuU,, 43, 681, 1945). 
Singer and Robin {J, Am, Med, Ass,, 136, 1021, 1948) have des¬ 
cribed a more rapid technique which permits a diagnosis within 
15 minutes ; they add a drop from a culture of Bacillus subtilis 
to the blood, thus speeding up deoxygenation. It is not improbable 
that some of the reported differences in incidence between popular 
tions are due in part to lack of technical uniformity, since it may be 
necessary to leave some bloods for as long as 72 hours by the slow 
methods, and cases may thus have been missed. Also the suscep¬ 
tibility of individual cells to sickling varies, so that individual 
bloods differ in the proportion of sickle cells present after a standard 
treatment. Ponder {Haemolysis and Belated Phenomena, Churchill, 
1948) attributes sickling to an abnormality of the ultrastructure of 
the red cell membrane ; the transformation is preceded by a curious 
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loss of rigidity of the cell, and does not occur if the formation of 
reduced haemoglobin is blocked with carbon monoxide. It is not 
generally agreed whether the sickled cells are more fragile in hypo¬ 
tonic solutions, but it appears that the difference is slight. 

It is usually stated that sicklemia is inherited as a Mendelian 
dominant, but the writer has been able to find very little pedigree 
data. Huck (Bull. Johns Hopkins Hosp.^ 34, 335, 1923) has pre¬ 
sented two American negro pedigrees which show the occurrence 
of the trait in three successive generations, and Beet (Ann. Eugen.y 
14, 19, 1949) has recently published two very extensive African 
pedigrees which are also consistent with the dominant inheritance 
of the character ; some African family data have also been provided 
by Trowell (K. Afr. Med. J., 22, 34, 1945). One of Beet’s pedigrees 
involves nearly two hundred persons. An interesting suggestion 
made by Beet is that sickle coll ansemia occurs in subjects homozy¬ 
gous for the gene, but more data will be needed to substantiate this. 

Figures for the frequency of sicklemia in Africa, and also from 
two large surveys on American negroes, are reproduced in Table 1. 


TABLE I 



Nuiiilier of 
Subjoctg 

% Sloklenilft. 


West Africa 

561 

156 

Evan^. 1944 


5500 

12-4 

Findlay et al , 1940-47 

East Africa 

717 

17-62 

English, 1945 

N. lihoilesia 

2104 

12-4 

Boot, 1947 

South Africa 

403 

0-26 

Altmann, 1045 

Southern States, USA. 

1800 

6-6 

Sydenstricker, 1932 

Tennessee .... 

2539 

8-3 

Diggs €t al , 1023 


According to Lewis’s summary (1942, loc. cit.), of 17 surveys on 
American negroes the frequency varies from 4-3 to 15*0 per cent., 
but some of the samples consist of 100 subjects or less. Although 
differences between regions in the U.S.A. may well exist, due to 
varying amounts of hybridisation, it appears that the incidence of 
sicldemia among African negroes is in general considerably higher, 
with the notable exception of the South African Bantu, determined 
by Altmann (S. Afr. Med. J., 19, 457, 1945), which calls for confir¬ 
mation ; his finding is particularly interesting in view of the diver¬ 
gence of certain South African Bantu tribes in ABO blood group 
frequency, which was mentioned in a previous review in this series 
(Science Progress, 37, 117, 1949). Apart from Beet’s data 
(E. Afr. Med. J., 23, 75, 1946, and 24, 242, 1947), derived from a 
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few tribes in a comparatively restricted region, the African data 
reproduced in Table I are very heterogeneous as regards the place of 
origin of the subjects; Findlay’s sample {Trana. Boy. Soc. Trap. 
Med. Hyg., 40, 1946-47) was drawn from the Gold Coast (60 per 
cent.), French Togoland, Gambia, Sierra Leone, and Nigeria, while 
English’s subjects {S. Afr. Med. J., 19, 431,1945) came from a wide 
area of East and E. Central Africa. Considerable use was made of 
hospital patients in these surveys, and it is not entirely clear whether 
this biasses the data, though Enghsh says that only half of his sample 
was from hospital patients, and the sicklemia frequency was the 
same in this group as in the normal series. 

Surveys of the white population in the United States, the largest 
of which appears to be that of Sydenstrickor {South. Med. J., 17, 
177, 1924) on 1000 subjects, revealed no cases of sicklemia. Findlay 
et al. (1946-47, loc. cit.) also examined 668 British troops in W. Africa 
and 188 Syrians without finding a case. While the belief that 
sicklemia is a very rare character in Eiux)pean populations is 
probably correct, it is doubtful whether a sufficiently widespread and 
systematic search has yet been made. The few cases which have 
come to hght were critically considered by Itosenfeld and Pincus 
{Am. J. Med. Set., 184, 674, 1932), who pointed out that particularly 
in the U.S.A. the possibility of negro ancestry cannot be absolutely 
excluded, and this explanation may also hold for cases in Greece and 
Sicily. There is also a possibility that another inherited condition, 
namely thalassemia (Cooley’s ansemia), in which the shape of the 
red cells is abnormal, may sometimes have been mistaken for sickle 
cell anaemia, since the former has been found chiefly in persons 
from the Mediterranean countries. Because European sicklers are 
generally detected only when the condition is associated with 
anaemia, there may in fact be a wider distribution of the trait itself, 
but this could only be determined if surveys, comparable to those of 
serological characters, were undertaken for anthropological purposes. 
As far as the writer is aware, there are no data on the incidence of 
sicklemia in the mongoloid peoples, the peoples of Oceania, or indeed 
any groups other than caucasoids and negroes, and it is to be hoped 
that the question will receive further attention. 

The figures already quoted for negro peoples in Africa come mainly 
from heterogeneous samples, but some interesting information on 
differences in tribal incidences has recently been published by 
Lehmann and Raper (Nature, 164, 494, 1949). Using the rapid 
technique of Singer and Robin these workers examined 24 tribes 
in the region of the great lakes. Their results, which they classified, 
according to the language groups, Hamitic, Nilotic and Bantu, 
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cannot be quoted in full, but some of the most interesting of them 
are reproduced in Table II. 


TABLE IT 


Language Group. 

TrllM!. 

Number uf SubJecU. 

% Sicklemia. 

Hamitic .... 

Bahima 

166 

2-4 


Silk 

128 

3*9 


Kiiraniojoiig 

156 

3-2 


(Toso) 

416 

(17-8) 

Nilotic .... 

Laiigo 

278 

27 


Acholi 

141 

27 


Jaluo 

130 

28 


Alur 

114 

26 

Biuitu. 

(Baamba) 

140 

(45) 


Basoga 

241 

29 


Bugaiida 

740 

19 


(Banyaruanda) 

496 

(8) 


(Bairu) 

139 

(2) 


The Baamba, who live on the slopes of Mt. Ruwenzori over 
towards the Congo forests, show the highest frequency; they are 
described as pygmoid, and data on true pygmy peoples who are, 
however, often considerably hybridised with Bantu tribes (Science 
I^OORESS, 37 , 117, 1949) would be interesting. The lowest fre¬ 
quencies occur among the Hamitic speakers, and the Bahima, for 
example, often have markedly Caucasian facial features ; the more 
negroid, agriculturalist Teso, however, from the east of Lake Kioga, 
have frequencies which approach the Bantu speaking Baganda and 
Basoga who live to the south of the lake. The low frequencies in the 
Banyaruanda and Bairu may be due, as the authors suggest, to their 
closer contacts with the Bahima, whereas the Basoga are more 
remote from such influence. Many of the Nilotic peoples are tall 
and linear in build and are usually considered to comprise a distinct 
physical type. It will be noted thp,t the figures for tribes which are 
considered to be more or less remote from the Caucasian influence 
of Hamitic peoples are generally a good deal higher than those given 
by other workers for West Africa, while people such as the Bahima 
have lower frequencies than the American negroes. More extensive 
work in Africa may throw much light on the infiltration of this 
continent by Mediterranean peoples from the north. 

The fact that a certain proportion of sicklers suffer from a 
haemolytic anaemia which is incurable and often results in death from 
intercurrent infection, presents an interesting problem, because a 
considerable gene frequency must presumably be maintained in 
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Bome negro peoples in spite of selection against the trait. Different 
workers give widely divergent figures for tho ratio of persons suffering 
from sickle cell ansemia to those exhibiting the trait. Muir- 
Robertson and Findlay (Trana. Roy. Soc. Trap. Med, Hyg., 40, 
435, 1946-47) estimated it as 1/161, while Beet from his results on 
Bantu children in Lagos put it at 1 /26. Trowell (E. Afr. Med. J., 
22, 34,1945) considers sickle cell ansemia the most severe hereditary 
disorder in Africa, and states that it accounts for one-fifth of the 
severe anaemias seen in hospitals. Some error may arise from the 
fact that anaemias of other kinds, particularly resulting from para¬ 
sitic worms, are extremely common in Africa, so that sicklemia and 
anaemia may often bo fortuitously associated. Nevertheless anaemia 
from other causes might perhaps precipitate sickle cell anaemia, 
BO that the resulting condition would be all the more severe. There 
is some evidence that the frequency of the trait is higher in children 
during the first five years of life (Beet, 1947, loc. cit.), suggesting the 
early elimination of some individuals canying the trait, and Beet 
(1949, loc. cit.) has also put forward tho tentative view that a defi¬ 
ciency of sicklers in matings of sickler x sickler in his African data 
may bo due to the early death of homozygotes. According to Singer 
and Robin (1948, loc. cit.), the red cells of cases of sickle cell antemia, 
iising the slow method, sickle more quickly than those of persons 
showing the trait but no antemia. There have been attempts to 
show that sicklemia is more frequent in sufferers from certain diseases, 
such os leg ulcers, but no definite correlations have yet been demon¬ 
strated (Beet, 1947, he. dt.). There are clearly many problems to 
be solved before a genetical interpretation of human polymorphism 
for sicklemia can be seriously attempted. 

A final point of interest is Synder’s report {Proc. VlJlth Int. Gong. 
Genetics, 1949) of genetical linkage between the gene for sicklemia 
and the MN locus, that is to say that the two loci are situated on the 
same chromosome. Synder used Finney’s method of statistical 
testing for linkage on family data and found no significant linkage 
between the sicklemia gene (S) and A-B or Rh blood group loci or 
with the gene for taste-blindness to Phenylthiourea. 

It is perhaps worth while pointing out that, even if it is con¬ 
firmed that there is linkage between the genes S and M-N, it would 
not be expected that any association between M or N and sicklemia 
would be apparent in anthropological data composed of random 
samples drawn from large populations. 



NOTES 


Goethe and Science 

Goethe was born in 1749, so that last year we were celebrating 
the bicentenary of his birth. One striking feature of this extra¬ 
ordinary man was his devotion to science : ho carried out remark¬ 
able studies in botany and anatomy, and published an extensive 
work on the theory of colour, in which he thought that he had 
demolished Newton’s work on colour, and actually recorded some 
valuable observations on subjective colour eflFects. Those who are 
interested in this aspect of the activity of the great poet will welcome 
the timely appearance of a second edition of Sir Charles Sherrington’s 
short but deeply instructive study,* which first appeared in 1942. 
The great physiologist, himself a poet, discusses Goethe’s general 
attitude to natural phenomena and considers critically his actual 
performance in the various fields to which he devoted attention. 
For this second edition the text has been completely revised and 
reset and is so much extended that those who possess the first edition 
will like to possess this. The name of the author is sufficient 
recommendatk )n. 

Science in Industry (A. J. G.)t 

A prefatory note explains that: “ The last published Report 
of the Department was the 23rd, for the year 1937-38. The report 
now published is the 33rd, for the year 1947-48. The intervening 
reports, though prepared and formally submitted to Parliament as 
required by Order of Council, will not be published, but the matter 
contained in them is incorporated in the present Report.” 

The first ten pages are devoted to a descj iption of the organisa- 

♦ Goethe on Nature and on Science, By Sir Charles Sherrington, O.M. 
Second edition. [Pp. 64.] (Cambridge: at the University Press, 1949. 
2s. Od. net.) 

t Anniud Report of the Department of Scientific and IndnatricU Research 
for the year ending the 30th September^ 1948, vnth a Review of the years 1938 
to 1948, [Pp. 64 and Appendices pp. 39.] (H.M.S.O., Cind. 7761, August 

1949. 2a, net.) 
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tion of the Department, its policy (which may be summarised as 
the “ need for scientific research with a view especially to its appli¬ 
cation to trade and industry *’) and the names of the eminent British 
scientists on the department’s Advisory Council, Research Boards 
and Committees, and Staff, to whose work and co-operation the 
Department gives full credit for what has been accomplished. 

The actual report (pp. 11-64) can be roughly classified as 
regards contents into : 

The Department’s own research activities; 

Co-operative research work with industrial research associations ; 

Educational and research grants-in-aid; 

Co-operative and liaison work with other departments, overseas 
and foreign bodies, with, in conclusion, a short summary of 
German science at the end of the war and the Department’s 
review of its own position in 1948. 

The safeguards adopted to ensure liaison, to avoid overlapping 
by other departments and bodies and to secure the interest of workers 
overseas and of industrial organisations are described at length. A 
chart in future reports might be incorporated to permit of rapid 
visualisation. 

Unfortunately it is not possible within the limits of a brief 
reviewing note to do more than indicate salient points and comment 
on some points of policy. 

In 1938 the department had in its charge the following research 
establishments : Geological Survey and Museum ; National Physical 
Laboratory ; Fuel Research Station ; Food Investigation Organisa¬ 
tion ; Building Research Station ; Chemical Research Laboratory ; 
Radio Research Organisation ; Forests Products Research Labora¬ 
tory ; Water Pollution Research Laboratory; Road Research 
Laboratory. Since then the following have been created: Pest 
Infestation Research Laboratory; Fire Research Organisation; 
Mechanical Engineering Research ; Civil Engineering and Hydraulics 
Research. 

The old and some of the newly created establishments were 
busily and profitably engaged during the War on urgent war problems 
(radar and nuclear fission being notable examples out of many). In 
this period “ short term investigations of obvious and immediate 
application, and advisory work (b'awing on stocks of existing know¬ 
ledge at the expense of longer range and more fundamental researches 
necessarily had priority.” It was also acknowledged that the 
coimtry had been living on its scientific capital during those six 
years and that consequently “ in the post-war period the urgent 
need is the necessity for rebuilding and adding to the capital of 
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scientific knowledge.” Elsewhere in the report the issue is equally 
clearly stated, in that British industry and the British export trade 
are up against intense competition and that fundamental scientific 
research and its speedy application to industry are playing and will 
play a decisive part in the struggle. 

Pooling brains and resources has proved to bo a profitable lino 
to take, an outstanding example recorded in the Report being the 
wonderful team-work between Britain, America and Canada in 
speeding up nuclear fission investigations. 

Co-operation with industrial research associations was one of the 
earliest experiments of the Department and has proved successful. 
In 1948 the number of associations taking part totalled 40. The 
Department’s assistance was in the form of grants-in-aid, frequently 
on a pound for pound basis, the round figures in 1947 being : 

Actual from tho D 81 li . . . . £800,000 

Actvial iiicomo raiMoU by Industry . . . £1,400,000 

The original policy that such aid should bo withdrawn when each 
association became self-supporting is now being abandoned by the 
Department, on the grounds that this type of co-operation should 
be continued in the national interest. This change of view will 
require strong supporting arguments, for in 1946 independent re¬ 
search by industrial firms in the U.K. was already of the order of 
£30 million a year and that only represented less than 1 per cent, 
of the value of a year’s British manufacture. 

The Department is fully aware of the shortage of scientifically 
trained workers and the need for the best scientific brains in the 
field of scientific industrial research. Financial grants to encourage 
students at the Universities and also research workers rose from 
£18,000 in 1945-46 to £200,000 two years later, but this figure, 
even when supplemented by what industrial firms are spending on 
the same object, is not sufficient to make a rapid enough impression 
on the shortage. More money is needed to speed up this important 
activity. The Government’s own efforts to establish an adequate 
Scientific Civil Service have been disappointing (p. 42) and may 
remain so until it is recognised that good scientific brains can 
command the same remuneration as other branches of the Civil 
Service. 

A very readable and ably written section of the Report is that 
(pp. 62-63) dealing with the summary of what has been done 
and what is contemplated by the D.S.I.R. Lack of staff and build- 
ings is hampering development. Even with expenditure raised 
from £3 to £4 million a year, as planned, these disabilities will persist 
for a number of years. One might suggest that oonoentration on 
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solving the most urgent investigations, development of the closest 
liaison between existing organisations, wherever situated, to prevent 
overlapping and duplication of effort, thus implementing to the full 
the dictum that “ science has no international boundaries,’’ the 
perfecting of a complete information and abstracting service, work¬ 
ing with existing societies such as the Chemical Society and the 
Society of Chemical Industry among others, will go far towards 
producing an efficient departmental scientific machine geared to 
industry. 

In its own sphere the D.S.I.R. could speed up the completion 
of the 6-in. Geological Survey maps of the U.K. and thus make 
available the facts on the potential mineral and underground water 
resources of this country. The present target for completion in 
thirty years is definitely too slow. 

The introduction of co-operative research projects between the 
Pest Infestation Research Board and the Organisations in the coun¬ 
tries where the foodstuff’s are grown and shipped require examina¬ 
tion if only on the common-sense grounds that it is more economical 
to kill the pests at source than on arrival, in increased numbers, in 
the U.K. 

As the country imports the bulk of its timber, use should be 
made of the experience and facilities of the exporting countries to 
season the timber before shipment, in order to save time, shipping 
and storage space. Such examples could bo added to were it not 
for the exigencies of space. 

The D.S.I.R. rightly stresses the difficulty of applying laboratory 
results to industrial scale operations. This “ gulf ” has to be 
“ bridged ” and perhaps the plan employed in America is worth 
copying. There the Agricultural Department’s Research Centres 
at New Orleans, Philadelphia and Peoria are so designed as regards 
buildings, plant and staff at each centre that the laboratory results 
can be developed rapidly on the pilot scale. Successful results are 
published and industry is left to do the rest. 

Recent Publications 

It is a sign of the times that the Department of Scientific and 
Industrial Research should see fit to issue a Prospectors' Handbook 
to Radioactive Mineral Deposits, pp. 28 (London : H.M.S.O., 1949, 
Cd. net). The handbook has been written by Dr. C. F. Davidson, 
Chief Geologist of the Atomic Energy Division, Geological Survey 
of Great Britain. After a general introduction, the booklet has 
chapters on the common radioactive minerals, radioactive mineral 
deposits, how to test for radioactivity, and the market for radio- 
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active minerals. No attempt has been made at an exhaustive 
account; only those data have been given which are likely to be of 
value to the field geologist or prospector engaged in searching for 
and evaluating radioactive mineral deposits. 

Up to 1900 the world output of uranium oxide was no more than 
three tons a year. After radium had been discovered the output 
rose to about 100 tons. From 1920 to 1940 the output averaged 
about 350 tons owing to the discovery of valuable deposits in the 
Belgian Congo and Canada. Today, of course, no production 
statistics are available for obvious reasons, but Dr. Davidson esti¬ 
mates that world output is now at least some thousands of tons per 
annum. Let us hope that it will not be put to the catastrophic use 
we all fear ! This booklet is well written and will fully moot the 
requirements of prospectors. C. W. T. 

British Intelligence Objectives Sub-Committee Overall Report 
No. 15 * correlates and abstracts the main observations of some 
400 reports published by H.M.S.O., and numerous foreign documents, 
which have been produced or collected as a result of an inspection 
of German iron and steel plants during the period 1944-47 by British 
and American experts. It is divided into nine main sections, dealing 
with blast furnace plant and practice ; production of steel; mechani¬ 
cal treatment; foundry practice ; steels, ferro-alloys and hard 
metals ; heat treatment j cutting, joining, repairing and fastening ; 
coating, cladding and bonding; research and testing. The treat¬ 
ment is critical and comparisons are made between German, British 
and American practice, and between pre-war and war-iirno practice. 
Effects of war-time shortages on technical trends are indicated. 
Full references to original sources are given, together with a com¬ 
prehensive index. A. H. C. 

A booklet on ** Hot-tirming,” by W. E. Hoare (pp. 112, with 
47 figures), has been issued by the Tin Research Institute, Green- 
ford. This gives practical instructions for the production of hot- 
tinned coatings on fabricated articles and components. The manu¬ 
facture of tinplate is not considered. The subjects discussed include: 
operations and plant; the tinning of steel, cast-iron, copper and 
other metals ; tinning with tin-lead alloys ; treatment of tinning 
shop residues ; methods of determining the thickness and continuity 
of tin coatings. Particular attention is given to new methods of 

♦ The Ferrotta Metal Industry in Germany during the Period 1939 -1945, 
By Q. Patohin and B. Brewin. [Pp. 270.] (Lfondon ; H.M.y.O., 1949. 
4s, 6d. net.) 
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tinning oast-iron, and to procedures for the tinning of ‘‘ difficult ” 
steels, developed at the Tin Research Institute. A bibliography 
and list of useful data and conversion factors are included. 

A. H. C. 

The manufacture of abrasives and grinding wheels is a highly 
specialised industry which has been built up and developed over 
the past 40 years by a relatively small number of interested persons. 
There are, in fact, probably not more than 250 people in this country 
who would claim an interest, on account of the nature of their 
employment, in the report ^ recently issued, prepared by the Ministry 
of Supply. To these few the subject matter is too brief to bo of 
value and they will perforce turn at once to the original reports and 
documents listed in the references. Neither is it a document which 
can be commended to the general reader, who without a knowledge 
of the “ art would find it, to say the least, difficult to follow. 
There is, however, one enlightening sentence worth quoting: 
“ . . . technical methods used and the quality of abrasives produced 
judged by British and American standards was inferior.’’ This 
might well be called the theme of the report. C. G. B. 

A new monthly publication of the Leonard Hill Technical Group, 
entitled World Crops^ edited by Sir Harold Tempany, has recently 
appeared. It aims to discuss developments not only in actual 
production but also in the associated realms of soil science, fertiliser 
production, crop protection, the marketing and processing of crops 
for food and industrial purposes, and in farm implements and 
equipment. At the present crucial time, when agricultural produc¬ 
tion both of food and of raw materials for the manufacture of 
producer goods lags behind the ever-increasing demand from a rising 
world population, close co-operation between the many industries 
concerned, not only in individual countries but at an international 
level, is vital. Sir John Russell stresses this point in an introductory 
article welcoming this new journal as a contribution towards this 
end. The declared objectives of World Crops should render the 
publication of value as a source of information to agriculturists in 
all branches of the industry, to manufacturers, and to those con¬ 
cerned with administration and the scientific aspects of agriculture. 

The first number of this well-produced and well-illustrated publi¬ 
cation contains authoritative articles by D. H. Grist on rice produc- 

♦ B.l.O.S. Overall Report No. 20 : Abrasives, Their Manufacture and Use 
in Germany during the Period lB39^19i5, [Pp. 22.] (London, H.M.S.O., 
1949. 6d. net.) 
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tion, by Sir Harold Tempany on tho menace of the cocoa disease, 
by Dr. G. W. Cooke on fertiliser placement, and an interesting 
description of the reclamation of agricultural land on Walcheren, 
by A. Pranke and C. Visser. Other articles deal with various crops, 
e,g, vegetable oils, tobacco, sorghum, with locust outbreaks in South 
Africa, with developments in agricultural machinery and in agricul¬ 
tural education, and with notes on world markets, meetings and 
discussions of appropriate organisations. 

Tho annual subscription is 25s. for 1 year, 405. for 2 years and 
505. for 3 years. A. G. P. 

The current volume of the Annales Biologiques^^ published by 
tho (Jonseil Permanent International pour TExploration de la Mor, 
contains data on hydrography and plankton in the vicinity of 
Iceland, in the Faroo-Shetland Channel, the North Sea, Baltic and 
elsewhere ; but the bulk of the publication is devoted to fish—cod, 
haddock, hake, whiting, eel, plaice, dab, flounder, sole, megrim, 
witch, herring, sardine, mackerel and some other less important 
kinds. Some reference is also made to lobsters, deep-sea prawns and 
oysters. The Annales liiologiques is a useful publication for those 
interested in marine biology with 8jM)cial reference to fisheries 
research. G. A. S. 

Miscellanea 

The 1949 Nobel Prize for Peace has boon awarded to tho Rt. 
Hon. Lord Boyd-Orr, P.R.S. 

IVof. E. N. da C. Andrade, Quain professor of physics in the 
University of London, has succeeded Prof. E. K. Rideal as resident 
professor and director of the Davy Faraday Research Laboratory 
in the Royal Institution. 

Sir Reginald Stradling, C.B., F.R.S., chief scientific adviser to 
the Ministry of Works, has been appointed dean of the Military 
College of Science, Khrivenham, in succession to the late Prof. 
C. H. Lander. 

Mr. H. M. Garner, principal director of scientific research (air) 
in the Ministry of Supply, has been appointed chief scientist to the 
Ministry of Supply in succession to Sir Bon Lockspeiser. 

Prof. K. Mather, professor of genetics in tho University of Bir¬ 
mingham, Prof. S. Zuckerman, professor of anatomy in the Univer- 

* Vol. IV for 1947. [Pp. 162, with nuinorous figuros.] (Copenhagen ; 
A. F. Host & Sons, 1949. Kr. 18.00.) 
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sity of Birmingham, and Prof. G. P. Marrian, professor of chemistry 
in relation to medicine in the University of Edinburgh, have been 
appointed members of the Agricultural Research Council in succes¬ 
sion to Prof. T. G. B. Osborn, Sir John Simonsen and Mr. W. J. 
Wright, whoso terms of office have expired. 

Wo have noted with great regret the announcements of the 
death of tho following scientific workers during the quarter: Dr. 
G. S. Baker, O.B.E., the first superintendent of tho William Proude 
Laboratory, National Physical Laboratory ; Sir Rowland BifFen, 
P.R.S., emeritus professor of agricultural botany in tho University 
of Cambridge ; Mr. William Binnie, past president of the Institution 
of Civil Engineers ; Dr. James A. Bowie, principal of the Dundee 
School of Economics ; Prof. C. L. Portescue, O.B.E., emeritus 
professor of electrical engineering, Imperial College of Science and 
Technology; Prof. M. Greenwood, P.R.S., emeritus ])rofessor of 
epidemiology and vital statistics, London School of Hygiene and 
Tropical Medicine ; Mr. A. H. Hall, formerly chief superintendent 
of the Royal Aircraft Establishment, Parnborough ; Prof. G. H. 
Henderson, O.B.E., P.R.S., professor of mathematical physics in 
Dalhousie University, Halifax ; Prof. August Krogh, For.Mem.R.S., 
emeritus professor of zoophysiology in the University of Copenhagen ; 
Dr. A. P. Laurie, formerly principal of the Heriot-Watt College, 
Edinburgh; Prof. W. B. Morton, emeritus professor of physics in 
Queen’s University, Belfast; Mr. C. E. Muriel, conservator of forests 
(Bengal) during 1910-16; Prof. P. E. Newberry, O.B.E., formerly 
Brunner professor of Egyptology in tho University of Liverpool; 
Mr. H. O. Newboult, follow and mathematical tutor of Merton 
College, Oxford ; Sir Edwin Pascoe, director during 1921-32 of the 
Geological Survey of India; Sir Robert Pickard, F.R.S., formerly 
director of research, British Cotton Industry Research Association ; 
Dr. E. W. Posnjak, formerly of the Geophysical Laboratory, Car¬ 
negie Institution of Washington ; Prof. Edwin B. Powers, professor 
and head of the Department of Zoology, University of Tennessee ; 
Prof. S. H. Reynolds, emeritus professor of geology in tho University 
of Bristol; Prof. B. Sahni, F.R.S., professor of botany in the 
University of Lucknow; Sir Prank Stockdale, G.C.M.G., C.B.E., 
vice-chairman of the Colonial Development Corporation; Dr. 
Frank Ihone, biology editor of Science Service^ Washington. 

The Bell Liiboratorie^ Record for August 1949 contained a 
number of articles of general interest. First wo may note a des¬ 
cription, by A. V. Hollenberg, of a new method for amplifying radio- 



NOTES 


139 


frequency signals. The device, known as the double-stream ampli¬ 
fier, consists of an evacuated tube, a foot or more long, through 
which two concentric streams of electrons pass from two axially 
separated concentric ring-shaped electrodes at one end of the tube 
to a collector at the other end. The two streams are given different 
velocities by accelerating grids and are held to cross-sectjons about 
equal to those of the electrodes by a longitudinal magnetic field 
produced by a current in a coil wound on the outside of the tube. 
Inside the tube and coaxial with it are two short wire helixes. One, 
just beyond the grids, carries the input signal and modulates the 
electron streams ; the other, at the far end of the tube, picks up 
the amplified output signal. No simple physical explanation of 
the fact that the modulation of the double stream at one end of the 
tube increases in amplitude as the electrons travel through it is, as 
yet, available. That such amplification should occur was deduced 
mathematically in the course of a theoretical study of another 
phenomenon and the experiments described by Dr. Hollenberg 
had, as their first object, the verification of this deduction. Ampli¬ 
fication occurs only when the current densities in the two streams 
exceed a minimum value and increases, with increase of the current 
densities, to a limit of 27 decibels per unit velocity separation 
(ratio of the difference of the two stream velocities to their mean) 
per wavelength in the distance between the helixes. The gain 
varies slowly with signal frequency and in the experimental tube, 
about 16 wavelengths long, had a value of 30 db. at 200 megacycles 
per second. It rose to a maximum of 33 db. at 250 mc./sec. and 
had fallen again to 30 db. at 310 mc./sec.—a working range of 
110 mc./sec. It is hoped that the amplifier will prove useful in 
work with very short microwaves. 

A second article, by W. P. Mason, describes the use of ceramics 
fused from barium titanate crystals as transducers for changing 
electrical to mechanical energy at ultrasonic frequencies. They 
have several advantages over quartz or Rochelle salt: they are 
isotropic and so will act efficiently over their entire area ; they can 
be made of any size or shape so as to give, for example, a focused 
beam ; the dimensional changes produced by electric fields can be 
made much greater than is possible even with Rochelle salt and 
their properties do not vary greatly with temperature. If pure 
barium titanate were used a D.C. biasing voltage would be necessary. 
To avoid this the material is mixed with 4 per cent, of lead titanate 
and polarised by allowing it to cool from a temperature above the 
Curie temperature in a strong electric field. The presence of the 
lead impurity ” locks the ferroelectric axes and so makes the 
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remanent polarisation permanent. Transducers prepared in this 
way have been made to radiate 100 watts per sq. cm. continuous 
acoustic power. 

In a third paper, W. Koenig describes the advantages of plotting 
acoustic characteristics against frequency with a linear scale for 
frequencies up to 1000 cycles per sec. and a logarithmic scale for 
frequencies greater than 1000. He recommends that the range 
0-1000 be represented by 2 in. on the frequency axis, divided as 
usual into tenths of an inch and that this be followed by in. 
divided logarithmically to represent the range 1000-10,000. On 
graphs plotted to this scale the length of any band of frequencies is 
roughly proportional to the response of the ear to that band. An 
entirely linear scale contracts the important 0-1000 band, while an 
entirely logarithmic one gives it too great a prominence. With the 
new ruling the distance corresponding to the range 900-1000 is very 
nearly the same as that representing the range 1000-1100 so that the 
transition is ‘‘ smooth,” There is also the additional advantage 
that many of the characteristics of the ear give nearly linear graphs, 
for example the number of nerve endings in the basilar membrane 
which respond to frequencies below any assigned maximum— 
10 per cent, below 400, 20 per cent, below 750, 40 per cent, below 
1500, 75 per cent, below 6000 and 90 per cent, below 10,000. 

The use of a barium titanate ceramic to replace quartz as a 
transducer in the ultrasonic frequency range has been mentioned 
above. In the Bell Laboratories Record for July 1949, W. Zeigler 
describes the use of ethylene diamine tartrate crystal units to 
replace quartz crystal units in the electric wave filters of broadband 
carrier telephone systems. This particular substance was selected 
after long research undertaken in anticipation of a shortage of 
natural quartz of suitable quality. Zeigler’s article does not indicate 
the reasons for choosing it, but describes in detail how suitable plates 
are cut from the crystals and how they are prepared and mounted 
for use. The procedure is of considerable interest since the plates 
are fragile, soluble in water (the final adjustment of the resonance 
frequency can be made by wiping with a damp cloth), and have 
coefficients of linear expansion which vary with direction from 
— 20 to + 160 X lO"® per deg. F. 
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THE FOUNDATIONS OF SCIENCE. By Herbert Dingle, D.Sc., 
D.T.C., A.R.C.S., Professor of History and Philosophy of Science In the 
University of London, University Oollogo. Being a Review of The 
Logic of the Sciences and the Humanities » by F. S. C. 
Nokthrop. [Pp. xiv + 402. | (Now York : The Macmillan Company ; 
London : Macmillan & Co., Ltd., 1048. 33s, 6d. not.) 

The philosophy of science— i,e. the understanding of the ideas or 
postulates or assumptions or whatever they may be on which 
scientific theory is ultimately based—is a subject of growing import¬ 
ance and interest, not only because of its bearing on the question 
of the validity of science itself but also because of its relevance to 
other kinds of human endeavour which are becoming more and more 
clearly recognised as having a scientific aspect. A work on the 
subject which attempts to treat it really fundamentally, such as that 
of Professor Northrop, therefore demands serious attention. The 
book is long and covers a wide field. In this essay I shall be con¬ 
cerned mainly with the basic notions on which the remainder rests. 

l^ofessor Northrop begins by pointing out that all knowledge 
is founded ultimately on “ pure fact,’’ which may be defined as 
“ that which is known by immediate apprehension alone ” ; “ it is 
that portion of our knowledge which remains when everything de¬ 
pending upon inference from the immediately apprehended is 
rejected.” It precedes description and even naming. A sensation 
of blue is an example, but the moment wo call it ” blue,” merely 
to denote it, we have advanced a step beyond the original datum. 
The whole field of pure fact is called “ the differentiated lesthetio 
continuum ”— continuum because what we later call sounds, sights, 
pains, etc., are all crowded together in it; msthetic because rational 
apprehension is absent (the word does not imply the appreciation 
of the fact as beautiful or anything of that kind); and differentiated 
because apparently Professor Northrop holds that the distinction 
between, say, a sight and a smell is primary, is given, and is not made 
by subsequent reflection. 

The first stage in all rational thought is the giving of names to 
the pure facts; such names are called ” concepts by intuition.” 
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“ A concept by intuition is one which denotes, and the complete 
meaning of which is given by, something which is immediately 
apprehended/’ The name “ differentiated aesthetic continuum ” 
is the primary concept by intuition ; all others (e.ff. blue) are derived 
from it by subtraction of something. 

The next stage is the formation of “ concepts by postulation.” 
The meaning of such a concept “ in whole or part is designated by 
the postulates of some specific deductively formulated theory in 
which it occurs.” This sounds more advanced than it necessarily 
is. Our ordinary, commonsense world, consisting of other persons, 
tables, chairs, etc., is a set of coificepts by postulation and deductions 
from them. The naive realist takes these things as initial data, but 
it is essential to Professor Northrop’s view that they are a possible, 
but by no means necessary, means of formulating the relations that 
we find to exist among conceptualised constituents of the con¬ 
tinuum. The meaning of the word ” chair ” is not given by pointing 
to a chair, but by indicating its place in a description of this whole 
commonsense world, and it includes, for example, the notion that the 
chair goes on existing when no-one is perceiving it. Hence its 
meaning is designated by the postulates of a theory of material 
objects distributed in space and time. The world of the modern 
physicist is another set of such postulates and deductions—or 
j)erhaps several sets in so far as the different branches of physics are 
not yet wholly correlated with one another. The meaning of the 
word ” electron ” is designated by the postulates of the physical 
theory in which it plays a part. 

The first stage in a scientific enquiry is to designate the facts with 
which we are concerned, t.e. to formulate the relevant postulates by 
intuition. The second stage is concerned with the classification of 
these concepts. This is called the ” natural history ” stage of 
enquiry. Biology almost up to the present day and Aristotelean 
physics are examples of sciences in the natural history stage. The 
third stage involves the formulation of concepts by jxjstulation, and 
therefore the use of a ” deductively formulated theory ” and the use 
of formal logic. This was started in physics by Galileo and Newton. 
It requires a complete break-away from the natural history stage of 
enquiry. 

This break-away is not always evident, however, especially if, as 
sometimes happens, the primitive concepts by postulation of the 
deductive theory are made identical with concepts by intuition made 
immortal (e.g. a concept of blueness, which is blue made timeless). 
In such cases the theory can be tested directly by observation. 
Professor Northrop seems to regard the commonsense world as being 
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of this type, and to conceive of the “ natural history ’’ stage of science 
as being describable in terms of commonsenso objects instead of pure 
concepts by intuition, but he is a little obscure on this point. The 
basic scientific concepts of the third stage of enquiry, however, are 
quite independent of concepts by intuition. For example, the 
existence of the electron can never be determined by direct observ¬ 
ation, not because of experimental difficulties but because the 
electron is defined in terms of pure concepts by postulation, having 
in themselves no relation to concepts by intuition. 

If the postulates—and therefore the succeeding theorems—of 
a deductively formulated theory are independent of observation, 
how can the theory be tested by observation ? Professor Northrop 
answers that we must connect it with concepts by intuition by means 
of an “ epistemic correlation,” i.e. “ a relation joining an unobserved 
component of anything designated by a concept by postulation to its 
directly inspected component denoted by a concept by intuition.” 
This correlation must be set up, and its termini chosen, presumably, 
by the free act of the propounder of the theory. It always, however, 
connects some concept by intuition with a theorem deduced from the 
concepts by postulation of the theory, never with the postulates 
themselves. Hence the validity of those concepts, though it may be 
disproved by observation, can never bo finally established unless we 
can show that no other concepts could possibly lead to the theorem 
which is verified by observation. 

Such, in outline, is Professor Northrop’s description of the 
foundations of science. I have, of course, omitted some of the finer 
analysis and I have no space to discuss the application which he 
makes to art, economics, and so on, of ideas arising from this mode 
of approach. I would like, however, to comment on the general 
view. 

I have found it particularly interesting because it conforms more 
closely to what I consider the most valuable way of approaching 
these fundamental problems than any other of which I know. It is 
so common to find writers on these subjects beginning with an 
arbitrary assumption—bo it the existence of an ” external world ” 
or of “ other people ” or of ” mind ” or what not—^that one cannot 
be too thankful for an author who begins not by assuming something 
but by describing as faithfully as he can what he cannot help know¬ 
ing. I attempted the same thing some years ago in a book * which, 
from the many points of resemblance, I felt sure that Professor 
Northrop must have read. He makes no reference to it, however, 
and since he makes some oversights which I do not think would have 
♦ Through Sdenoe to PhUoaophy (Oxford University Press, 1937). 
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been possible had he done so, I must conclude that it has escaped 
him. I will try to indicate some of these, but it is a distasteful task 
to dwell on what one considers defects and I would wish first to 
indulge the pleasure of saying how much I have enjoyed reading the 
book and profited from it—despite the truly terrible Preface, which 
whoever reads will need all his will-power to carry him further. 
Professor Northrop’s line of thought indicates in the clearest manner 
the danger of confusing conceptions such as electrons with small 
material objects—a very real danger, since many even of our leading 
physicists still make this error. His insistence that the ordinary 
commonsense world is not given to us as an initial datum but is a 
rational construction made for one purpose and not necessarily 
suitable for others is most timely. Excellent also is the implication 
that, since in the sssthetio continuum there is nothing to mark off 
what we later call our “ subjective feelings from “ sense-data,** 
there is no reason to suppose that the former are not as amenable to 
scientific treatment as the latter. The whole manner of approach, 
indeed, puts one in the best possible position to deal not only with 
the problems peculiar to present-day science but also with the 
permanent problems connected with the significance of science in 
itself and in its relation to other human activities. 

It is therefore all the more surprising that Professor Northrop 
should have left out of account some of the most important factors 
of the situation with which he grapples. The first is time; this, 
which forms the central problem of scientific philosophy, is almost 
completely overlooked. We are thus in a difficulty at the very 
beginning. Is the CBsthetic continuum what, in the later rationalisa¬ 
tion of it, we call an “ instantaneous presentation ** or does it 
include the whole of our awareness, past and present, which only 
later we arrange in a time order ? If the latter, how do we make the 
arrangement—by concepts of intuition or of postulation ? How far 
are they at our disposal ? If it is an instantaneous awareness that 
we start with, are those differentiations that later we are to call 
‘‘ memories ’* distinguished in any way from those which we are to 
say we were actually experiencing at that instant ? If not, by what 
process do we thereafter distinguish them ? I am not here suggest¬ 
ing answers to these questions but simply pointing out that they 
inevitably arise and that Professor Northrop gives us no clue as to 
how to answer them. Consequently we are completely at sea at the 
very beginning; we do not know whether it is “ pure fact *’ that 
some experiences are past and some present, that some are long past 
and others recent, that A happened before B and not after, that the 
experience which at this moment makes me shudder is not happening 
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now but is a memory of something that has happened—or whether 
all these distinctions are superposed on fact by subsequent rational¬ 
isation and are therefore subject to alteration when a new theory 
takes the place of the present one. 

Another fundamental omission is the necessary complement of 
the aesthetic continuum—namely, what I may unsatisfactorily call 
“ principles of reasoning.” No name is satisfactory because, like 
the continuum itself, it cannot bo named without making questions 
possible, whereas what 1 mean is unquestionable. When a logical 
argument is set out in minute detail we find that we are able—nay, 
forced—^to admit that eaoh successive proposition is entailed by the 
previous ones, and this is as essential to the construction of science 
as is the “ pure fact ” provided by the continuum. Professor 
Northrop defines pure fact as that portion of our knowledge which 
remains when everything depending upon inference from the 
immediately apprehended is rejected.” But these principles of 
reasoning also remain, otherwise we would have to stay in the 
continuum and no inferences would bo possible. An awareness of 
blue is just what it is ; it does not follow from ” anything or 
entail ” anything, but stands alone, and a mere multiplicity of such 
awarenesses allows of no advance towards the goal of a “ deductively 
formulated theory.” That becomes possible only when one is able 
to perceive that some steps are necessary, some permissible, and 
some prohibited. 

Of course, in a sense the need for these principles of reasoning is 
implied in Professor Northrop’s treatment, but the failure to recog¬ 
nise and explicitly to acknowledge them leads him into some con¬ 
fusion, particularly in his treatment of his “ epistemic correlations.” 
Let us consider the course of science according to Professor 
Northrop’s description. We start with pure fact—^the sssthetic 
continuum. We then name the constituents of this continuum, and 
the names constitute the concepts by intuition. We next form 
concepts by postulation by means of which we can construct a logical 
theory which we have to correlate somehow with pure fact. We can 
then say that we have “ rationalised ” experience, i.e, expressed it as 
a logically connected system instead of as a more aggregate of 
differentiations in a non-rational continuum, and this is what science 
aims at doing. 

Now whore, in this process, do we find the need for a bridge (for 
what Professor Northrop calls an “ epistemic correlation ”) to con¬ 
nect successive stages ? If we recognise that we start with two 
independent things—^pure fact and principles of reasoning—we can 
answer at once that the bridge must connect the realm of pure 
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experience unoontaminated by reason with the realm of concepts, 
for in the former we cannot use our principles of reasoning and in the 
latter we can. How, then, is it possible for a mere awareness of blue 
to become something which can entail or follow from something else ? 
This is a reaUy fundamental question, corresponding in this way of 
approaching the philosophy of science to the Cartesian problem of 
how contact was possible between res extensa and res cogitans, or the 
common present-day problem of body and mind, which Professor 
Northrop briefly discusses without perceiving the vital core of it. 

Again I am not proposing to discuss this question but merely 
pointing out its existence, but before dealing with Professor 
Northrop’s treatment I might point out under what a disadvantage 
he places himself by ignoring time. For one quite indispensable 
step in the passage from experience to concept is provided for us 
automatically by the passage of time. An immediately felt experi¬ 
ence is essentially non-rational, but no sooner is it felt than it has 
become past—^no longer vivid but eternal and immutable, a possible 
object of leisured contemplation, and as such at least in a position 
to become conceptualised, which cannot be said of the experience 
in its immediacy. However, in Professor Northrop’s treatment the 
gap which must be bridged by the epistemic correlation must be 
either that between (1) pure fact and (2) concepts by intuition, or 
that between (2) concepts by intuition and (3) theory involving 
concepts by postulation. But when wo try to find which it is we 
find nothing but confusion, simply because Professor Northrop has 
not clearly visualised the two distinct elements of experience and 
reason. 

We read first that an epistemic correlation joins “ an unobserved 
component of anything designated by a concept by postulation to its 
directly inspected component denoted by a concept by intuition ” 
(%,e. it joins (2) and (3).) But immediately afterwards we read that 
it ** joins the aBsthetic component of a thing to its theoretic com¬ 
ponent ” (i.e. it joins (1) to (2) or (3).) Where are we ? And what 
is the thing ” which has these two “ components ” ? It looks like 
a Deus ex machiria. Let us turn to an example to get more light. 
We read that an epistemic correlation occurs in connection with the 
general theory of relativity. The “ theoretic component ” here 
consists of ten variables in a tensor equation, for, says Professor 
Northi*op, mathematical considerations indicate that laws inde¬ 
pendent of the observer’s circumstances must be of tensor form 
(incidentally, that is not so ; laws of tensor form are independent of 
the observer’s circumstances, but that is not the same th^g). This 
is certainly (3). The empirical epistemic correlates ” of these 
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variables are then given as “ potentials/’ But what are potentials ? 
They are hardly pure fact, nor would our young students of physics 
recognise them as concepts by intuition. They are unavoidably (3), 
so that the epistemic correlation connects (3) with (3). So now what 
do we do ? 

The fact is that, again owing to his lack of perception of the 
fundamental distinction between pure fact and principles of reason¬ 
ing, Professor Northrop has not clearly realised even what he means 
by the passage from (1) to (2). He describes it as merely giving 
names to the differentiations. But what names ? If every differ¬ 
entiation has a unique, completely independent name, then indeed 
you are still on the hither side of the gap between experience and 
rational correlation, for you have merely substituted the experience 
of seeing or hearing a name for the experience represented by it. 
But if you give the name “ green ” to a differentiation which later 
is to be descril>ed as the colour of a leaf, are you to call the adjacent 
differentiation (another leaf) “ green ” also ? If so, then some 
element of ratiocination has come in; you have recognised 
similarity^ and so begun a classification, which is a stage in correla¬ 
tion. The process of naming must therefore be specified somewhat 
carefully, but Professor Northrop does not discuss it; he apparently 
takes it to be so simple that comment is unnecessary. 

It should be remarked that if, as I have indicated is possible, he 
envisages the ‘‘ natural history ” stage of scientific enquiry as one 
in which the data are regarded as commonsense objects and not pure 
concepts by intuition, then another bridge is necessary to connect 
such objects with the deductively formulated theory. The epistemic 
correlations sometimes seem to have this function. I think, how¬ 
ever, that although historically the natural history stage has 
occurred, it can be left out of the logical line of development of 
science, because the later stage is independent of it. Modern physics, 
for example, effectively began with Galileo, and whatever debt it 
owes to previous work might very well not have been incurred. 

I have little space for the apphcation of this philosophy to 
ethical and religious questions, though it is a prominent concern of 
the author. Perhaps this is just as well, for this part of the book is 
far inferior to the earlier part. Briefly, Professor Northrop holds 
that ethical and religious ideas rest on partial philosophies of science. 
Locate their foundations and subsume them in the latest complete 
philosophy of science, and a universal ethical and religious code will 
result. Alas, it is not so simple! Whatever your view of the 
“ cosmic law,” you may always, like Huxley, assert a “ moral law ” 
that opposes it. When you have proved what is good by the most 
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complete deductively formulated theory, someone—a Jesus or a 
Mahomet or a Nietzsche, knowing nothing of science—will announce 
that it is bad, and a new doctrine will arise. It is all very tiresome, 
but it is the way things are. And the reason is that ultimately 
ethics cannot be built on the philosophy of science, but the philo¬ 
sophy of science must rest on an ethical judgment. It is sensible 
to ask if it is good to pursue the philosophy of science, and a negative 
answer would not automatically brand the speaker as either dis¬ 
honest or insane : it is not sensible to ask if it is the philosophy of 
science to pursue the good. Professor Northrop claims that his 
prospective universal ethics will lead to peace, but what if peace is 
bad, as some moralists assert ? Professor Northrop does what he 
professes to abhor—he presupposes that peace is good. He has 
overlooked something else besides the principles of reasoning, but 
whereas the latter oversight makes, say, a 10 per cent, cut in the 
effectiveness of his philosophy of science, the former makes at least 
a 90 per cent, cut in the effectiveness of his philosophy of ethics. 

There is excessive repetition in the book—evidently because it is 
an insufficiently edited collection of separate addresses. The writing 
is distinguished by a limited vocabulary—the reader will fervently 
hope never to meet the word ** attendant ” again in his life; 
“ attendantly ’’ he is scarcely likely to encounter---and one feels that 
the pace could sometimes be accelerated with advantage ; but one 
common and supreme fault the writing haa not—it is not ambiguous. 
For this outstanding virtue all must be forgiven. For a Professor of 
Philosophy l^ofessor Northrop has an amazingly wide and accurate 
knowledge of science. The chief exception is thermodynamics, his 
account of which is conspicuously inaccurate and illogical. This, 
however, is a trifle. No blemishes can obscure the fact that he has 
found the only unassailable foundation for a philosophy of science, 
and it is greatly to be hoped that he will give his line of thought the 
further consideration it requires and deserves. 


THE STUDY OF LICHENS. By C. T. Ingold, D.Sc., P.L.S., 
Professor of Botany in the University of London, Birkbeck College. Being 
a review of Natural History of the Danish Lichens by Olaf 
Gallee, Ph.D. Parts I-VII published, Farts VIII-X to appear later. 
(For number of pages and illustrations see “ Books Received ” 
list, p. 206.) (Copenhagen : Einar Munksgaard, 1927-48. Dan. Kr. 
40.- per Part.) 

The nature of the association of fungus and alga that constitutes 
a lichen has given rise to considerable academic discussion. Does 
the fungus parasitise the alga ? Does the alga live a life of beneficial 
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slavery (helotism) ? Is it an example of symbiosis—the living 
together for mutual good ” of the hard-boiled teleologist ? The 
relative merits of parasitism, helotism or symbiosis can be left safely 
to the academic botanist who can usually count the lichens he knows 
in the field on the fingers of one hand. It is quite clear that the 
lichen fungi live at the expense of the associated alg» and the name 
given to the association is immaterial. Apart from the discussion 
of lichens as dual organisms, they have received scant attention at the 
universities. This is a very great pity. Ecologists are becoming 
increasingly aware of the importance of a knowledge of the taxonomy 
of lichens and, since ecology has become such a popular branch of 
academic Botany during the past quarter of a century, we may look 
forward to lichens receiving considerably more attention in the future 
in university courses. For this reason alone the appearance of a 
major work on the taxonomy of lichens is very welcome. 

Dr. Olaf Galloe lias devoted a life-time to lichenology. His work 
on the Ecology of Danish Lichens was published over forty years ago, 
this was followed by the Lichen Flora and Lichen Vegetation of 
Iceland in 1920, and the present monumental work will no doubt be 
considered his greatest contribution to his chosen subject. Part I 
of this work was published in 1927 and subsequent volumes were 
issued from time to time until 1939 when Part VI appeared. Then 
came the interruption of the World War, so that publication of 
Part VII was delayed until 1948. The work is not yet finished— 
there will be three further volumes—and it is greatly to be hoped 
that nothing will happen to delay the completion of this important 
work. The parts published so far are purely taxonomic, but the 
author indicates that the final volume will be concerned with “ a 
survey of the taxonomy and general natural history of Danish 
lichens.” 

Dr. Galloe’s work is in no way a compilation, for it is entirely 
original. Although it will ultimately deal with all known Danish 
species, the author is at pains to point out that it is not a “ Flora ** 
and includes no data on distribution. He has taken a strong and 
individual line in dealing with species. He says “ The description 
of species is based on one single individual which T describe morpho¬ 
logically and anatomically in full detail.” Sometimes, in variable 
species, he describes several individuals, but each separately. His 
attitude to nomenclature may shock some museum taxonomists, 
but it is rather refreshing. He remarks : “ I have first examined the 
single specimen as carefully as possible, and then I have endeavoured 
to find in the literature ... as detailed a description as possible. 
... If there I have succeeded in finding a good description which 
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seems to correspond minntely to the individual examined by me, I 
have given it the name used in the work quoted. ... I have 
entirely omitted any discussion of synonyms.” It is, perhaps, the 
natural attitude of the worker interested primarily in the organisms 
he is studying rather than in the ramifications of the literature of the 
subject. 

AU Danish species of lichen are illustrated and all the figures are 
original. Most of the plates are of very high quality. Many are 
in colour and these, though restrained, are often of surprising beauty. 
The author’s success in depicting the surface texture of a lichen 
thallus is truly amazing. 

In lichens chemical tests have been widely used as an aid to 
identification, but Dr. Oallee does not view them with favour (except 
perhaps the KOH test), considering them to be somewhat capricious. 

Part I deals with the gemis Lecidea, but also contains a brief and 
rather extraordinary discussion on the evolution of lichens. It is 
clear that Dr. Gallee’s views on evolution are somewhat heterodox. 
Perhaps this can best be illustrated by a brief quotation : “It has 
been thought that there may exist a kind of psychic condition which 
co-operates in the development of species. ... I personally have 
no doubt that psychic processes take place side by side with material 
processes though there is no likelihood of this ever being proved. 
I . . . am most inclined to the view that the faculty present in the 
organism of choosing in many cases between several possibilities is 
of a psychic immaterial nature.” One cannot help feeling that few 
botanists will agree with Dr. Galleo in this. It is more usual to find 
a botanist who thinks even of himself as “ a being who moves in 
predestinate grooves, not even a bus, just a tram,” and who would 
certainly not allow more freedom of choice in a lichen! 

However, this valuable work is not to be judged on the philo¬ 
sophical views of its author. The real question is : will it help the 
serious student to identify the lichens he finds ? There can be little 
doubt that the answer is in the affirmative. 

The British student wishing to identify a lichen will tirni in the 
first instance to Lorrain Smith’s excellent British Museum Mono¬ 
graph, but Dr. Galloe’s work wiU bo of considerable value to him in 
checking a determination, especially as, in all probability, the 
majority of the Danish species also occur in this country. The ten 
parts of the Natural History of the Dmish Lichens should certainly 
find an honoured place in the botanical section of the libraries in all 
universities and museums. 
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MATHEMATICS AND MATHEMATICAL PHYSICS 

Pfafl'8 Problem and its Generedisations. By J. A. Schoxttrn and 
W. V. D. Kut.k. [Pp. xvi -f 542.] (Oxford : at tho Clarendon Press, 
1949. 60/». net.) 

Whkn tho conditions of intogrability of a total difTorontial equation 

0 (A - 1, ... n) 

are not satisfied, there is no single equivalent integral equation. However, 
investigation, initiated by Pfaff in 1814, bos shown that a set of equivalent 
integral equations exist and their determination is Pfaff*s problem in its 
simplest form. 

Geometrically, the above Pfaffian equation represents an En-j-field (that 
is, an (n — l)-direotion at every point) in the geometric manifold X^. If 
it is completely integrable, these are tangent to a simply infinite 

system of in Otherwise, there are X,„’s (m < n — 1) in 

whose t>angent E,n 0*1^ every point lies in the at tho point. The simple 
Pfaff’s problem consists of the determination of all such enveloped X,n*0« 

Tlie problem has since been gi^neralised and this book contains a detailed 
survey of our present knowledge of the subjwt as well os tho rosults of the 
authors’ own recent research. Tlie methcxls of tensor calculus are used 
throughout and tho first chapter gives on account of tho notation xised. 
Readers not familiar with Prof. Schouten’s work on differential geometry 
will find this a very useful introduction. Tho second chapter deals with 
the analytical backgroimd. 

Given a system t)f n — p linearly independent Pfalllan equations, which 
represents an Ej,-field in X^*, two problems will arise. The “ outer ” problem 
requires tho determination, for tho minimum value of m {m> p), of tho 
enveloping X^’s (whose tangent at every point contains the Ep of tho 
field). This is developed in Chapter HI. The “ inner ” problem, a general¬ 
isation of which is discussed in Chapter VHI, is to determine tho X^’s 
(m< p) enveloped by Ep’s of tho field for tho maximum value of m. 

In Chapter IV the simple Pfaff’s problem is considerc^d and tho classifica¬ 
tion of Pfaffians (oxd^^ is undertaken. This also is generalised in later 
chapters. 

Altogether, tho scope of the book is comprehensive and it is likely to 
be the stcuidard work on tho subject for a long time. It will, of course, bo 
indispensable to tho specialist in the theory of linear differential equations 
and their applications. Others may not find it easy to read. There are, 
however, exercises at the end of most chapters and suggestions are given 
for their solution. There is also a useful bibliography. 
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B. S. Clark. 
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Cardinal Algebras. By Althkd Tarski. With an appendix by Bjarni 
J 6 n 880 n and Altrkd Tarski. [Pp. xii -f 326.] (New York and 
London: Oxford University Press, 1949. 80s. net.) 

This is a book for mature mathematicians which, roughly speaking, reveals 
the results of an intensive study of the theory of cardinal numbers from 
the point of view of abstract algebra which was begun some twenty years 
ago by Prof. Tarski in collaboration with A. Lindenbaum. It will certainly 
bo an inspiration to workers in both fields. 

The arithmetic of infinite cardinals duo to O. Cantor differs in many 
respects from the familiar arithmetic of integers. For instance, every 
infinite cardinal a satisfies the equation a + a ^ a, and infinite sums are 
alwa 3 rB significant. Another differonco is that the cancellation law “a 4- c 
b 4 c implies a ^ b ** does not hold : for instance, K© denoting the 
smallest infinite cardinal, we have 1 4- Nq = 2 4- No* 

It was recognised that a considerable number of the theorems obtained 
could be deduced from a few basic ones. Consequently it was natural to 
take the properties expressed by those theorems as axioms defining algebraic 
systems which Tarski calls cardinal algebras. The Cantorian algebra of 
cardinal numbers is definitely only a special case of cardinal algebras, for, 
for example, infinite elements in a cardinal algebra do not necessarily satisfy 
a + a » a and a cardinal algebra is not necessarily well ordered. 

The first part of the book is concerned with the arithmetic of cardinal 
algebras; the second with the construction of cardinal algebras ; the third 
with the relations between cardinal algebras and other algebraic systems 
such as semi-groups, lattices, and Boolean algebras. An appendix, written 
in collaboration with B. J6nason, discusses cardinal products of isomorphism 
typos. 

John Todd. 

From Euclid to Eddingeton : A Study of Conceptions of the 
External World. By Sir Edmund Whittaker, F.R.S. [Pp. x 
-1- 212.] (Cambridge ; at the University Press, 1949. net.) 

Mathematical physics in this country is fortunate in having two 
exponents who must have discovered the secret of eternal youth ; and 
if Bertrand Kussoll is one of them, surely the other must be Sir Edmund 
Wliittaker ! In this book he covers rapidly and with a masterly touch the 
history of mathematical physics from the earliest Greek ideas on geometry 
to Eddington’s theories of the constants of Nature, taking in his stride 
non-Euclidean geometry, special relativity, thermodynamics, electromagnetic 
theory, general relativity and gravitation, quantum theory and statistical 
mechanics. And it is written in the easy stylo and with the cheerful aest 
of a man who finds each new idea fascinating and who looks forward eagerly 
to the next development. Naturally, when so much ground is to be covered, 
brevity is essential find the reader must supply much of the background 
in order to appreciate the book properly. Formulee are quoted but there 
is no space for proofs and this, curiously enough, makes the chapter on 
Eddington’s work rather disappointing. Though it contains an illuminating 
account of Eddington’s ideas and of his astonishing results in calculating 
the constants of physics, yet we ore given no clue as to whether or not 
Whittaker agrees with the mathematical arguments by which Eddington 
reached his conclusions. But this blemish, if blemish it is, is compensated 
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for by many excellonciefl, two of which appealed particularly to this reviewer i 
Whittaker’s “ debunking ” of the term “ curvature of space ” and his inclu¬ 
sion of special relativity imder classical physics, where it properly belongs, 
leaving general relativity aside for separate consideration as a theory of 
gravitation. 

It must not, however, be thought that we have hero a mere piece of 
reporting or a compilation : the notions of mathematical physics, from 
geometry to the spinning electron, are synthesisetl by means of a guiding 
principle whose proper appreciation is essential to on understanding of tho 
book. Tliis principle appears to be that the concepts and theories of 
mathematical physics, such as sethers, light, inverse square attractions, 
curvatiu*e8 of space, protons, electrons, electromagnetic fields, etc., are 
somehow more real and fundamental than tho observations th(»y serve to 
corrolote and interi)ret. The former are the constituents of what is variously 
rofr*rr(Hi to as “ Nature,” “ the external world,” “ the actual imivorse,” etc., 
on entity existing apparently independently of the observt^r who is engaged 
in “ discovering ” its properties, assumed to be rationid. Whilst classical 
physics and even general relativity can be moulded more or less successfully 
into this philosophical framework, quantum theory, with its electrons that 
are ” really ” both particles and waves and also possc'ss spin, provcMB more 
awkward. Yet on page 2 Whittaker does define “ reality ” in a way wliich 
would permit him to regard electrons and other unobser\’^ables os concepts 
introduced by the observer for the purpose of interpreting his observations 
(and so alterable if necessary), when ho speaks of ‘‘ reality ” as containing 
“ any factor (of expericmce) which is tho same for all |>ercipients.” That 
ho can still maintain his strict realist view is apparently due bo a lock of 
discrimination between observations and the concepts used to interpret them. 
For example, all percipients of certain experiments with Wilson cloud- 
charnlH^rs perceive streaks of water-vapour ; but tho electrons whose motions 
are said to “ cause ” the streaks are not perceived, they are mentally con¬ 
structed in order to interpret the phenomena. Another illustration of this 
kind of equivalence between observational data and theory is foimd in the 
conclusion which Wliittaker draws from the impossibility of predicting, by 
means of the quantum thefiry, tho instant of disintegration of a particular 
radioactive atom, viz. that this prediction is ” impossible not only in present 
practice hut in eternal principle ” (Whittaker’s italics). The reason given is 
that so to modify tho theory that prediction would be possible would ” entail 
tho ronimciation of peurts of the existing theory which are soundly based 
in observation.” Now if abandoning a theory also meant the rcmimciation 
of tho observational data on which it is based, the argument would have 
great force. But this is not so, as Part III of this book demonstrates. For 
it is there shown how a theory as immensely well founded in observation as 
is the Newtonian theory of gravitation con bo renounced in favour of 
another (Einstein’s) simply by re-interpreting all tho observational data in 
terms of a new concept, the curvature of space. 

But these are philosophical objections and so will bo visible or invisible 
to each reader according to his temperament. Everyone will be stimulated 
by reading this book and none con fail to admire the depth of learning to 
which its pages bear witness. And in those days, when books on mathe¬ 
matics abound in misprints, this reviewer is relieved to record that ho noticed 
only two trivial ones, in tho formulae at the tope of pages 133 and 173 
respectively. G. C. MoVittib. 
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ASTRONOMY AND METEOROLOGY 

Practical Astronomy. By Georob L. Hosbieb. Fourth edition revised 
and rewritten by Jambs M. Robbins. [Pp. xvi 4* 355, with frontis¬ 
piece and 93 figures.] (New York: John Wiley & Sons, Inc.; 
London : Chapman & Hall, Ltd., 1948. 36s. not.) 

The title of this work is somewhat misleading. A subtitle, “ A Textbook 
for Engineering Schools and a Manual of Field Methods,** gives an adequate 
idea of the purpose of the book, which is to provide a text of praotioal 
astronomy for civil engineering students, with no previous astronomical 
knowledge, who do not intend to proceed to an advanced study as astronomers. 
The theoretical considerations do not, therefore, include refinements beyond 
the requirements of work that could bo performed with small transits or 
thoodoUtos. It is to the authors* credit that these limitations are not only 
adhered to in the text but emphasised at all relevant stages. 

The early chapters set forth the elements of positional astronomy, with 
definitions of various astronomical terms likely to be unfamiliar to engineer¬ 
ing students. In the discussion of the inter-relation of the various systems 
of celestial co-ordinates, the problem of introducing spherical trigonometry 
is met by merely listing fundamental formula) in the text to bo memorised, 
more advanced students finding the derivations relegated to appendices. 
Careful attention is paid to the problem of time and its measurement. Tlie 
use of ephemerides and the reduction of observations are explained in detail. 
Corrections to apply to observed altitudes are discussed, in accordance with 
the aim of the text, to a first approximation only. Some 40 pages are 
devoted to the description of the astronomical instnunents used by engineers, 
and such ancillary equipment os chronometers and navigation watches. 
The first part of the book ends with a chapter on star identification. This 
is, perliaps, the weakest chapter, relying too much upon five hardly adequate 
small-scale majw. 

The stKsond part of the volume deals with tlio three fimdamental measure¬ 
ments of engineering astronomy—those of latitude, aramuth, and time and 
longitude, those two latter being included in one chapter in this now fourth 
edition, there being little distinction between their methods of moasuremont 
in practice. The smallest practical details are considered in the stop-by- 
stop descriptions of tlio observational techniques. 

The concluding pages contain usefrd tables and mathematical appendices. 

The text is well proportioned. Admirable features are the inclusion of 
workecl and unworked examples at the end of each chapter, and the prolific 
use of diagrams and half-tone photographs. As is customary with American 
books, the photographs ore embodied in the text, and not as separate plates, 
and th«)y suffer badly in the English edition on a poor-quality paper wliich 
is in sad contrast with the elegant binding. 

Adequately fulfilling its prescribed functions, tho book deserves the 
popularity that has taken it to a fourth edition. It may be recommended, 
not only to engineering students for whom it is specifically intended, but 
also to those desiring on introduction to positional astronomy from an 
astronomical standpoint, provided that they realise that occasional recourse 
to more essentially astronomical treatments may be necessary. That it is 
not so well known on this side of the Atlantic as in its native environment 
may be due, in part, to a parochial tendency to consider problems only as 
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they arise at latitude 42® N., longitude 73® W. The one minor error which 
appears to have survived the first throe editions may in fact bo on example 
of this tendency; on page 60, “ winter ’* and “ summer ” should read 
“ notthem winter *’ and “ northern summer.” 

M. W. O. 

/ 

^Climate througli the Ages. By C. E. P. Brooks, LS.O., D.Sc., 
F.R.Met.Soo. Second edition. (Pp. 395, with 39 figures.] (London ; 
Ernest Bonn, Ltd., 1949. 218, nc^t.) 

CiiiMATOLooY, the long-term aspect of meteorology, is still largely a des¬ 
criptive science. Such is the complexity of significant theoretical problems 
that in the study of weather changes wo still have to rely largely on empirical 
or semi-empirical methods. But significant climatic changes are usually 
slow, so that oven empirical studies are difficult unless wo can obtain some 
idea of climatic conditions in tho distant past, long before the systematic 
compilation of accurate weather data. In Climate through the Ages Dr. 
C. E. P. Brooks has set himself tho task of collecting together all the more 
plausible inferences, from a variety of sourccxs, regarding past weather 
conditions and of welding them together, as far as possible, into a rational 
self-consistent scheme. Tho task is a colossal one. Tho ovidenco is scrappy 
and much of it dubious, or at best inconclusivf^ so that not merely a working 
knowledge of a wide variety of scicmces (meteorology, oceanography, physical 
geology, palff'ontology, fistronomy, etc.), but also a keen critical sonao is 
needed if the conclusions ani to be of value and not simply confusing or 
mislea<ling. Fortunately Dr. Brooks is well equipped for tho task and no 
one has contributed more to tho development of this aspect of climatology. 
The result is a imique work and if wo are not always satisfied with his results 
or convinced by his arguments we have little right to complain. Wo cannot, 
for example, complain of his rather naive treatment of the relation between 
temperaturo and pressure, rtf the effects of orograxihy, etc., until wo have 
developed a more precise theory to replace it. One might prefer a fuller 
and more up-to-date accoimt of the general circulation of tho atmosphere, 
a loss ono-sidfHi treatment of the hypoth<M?is of continental drift (there exist 
more plausible theories than those of Wegener), and so on. But tho fact 
remains that this is a pioneer work which will serve present and future 
generations not merely as on excellent guide and work of reference but as 
a constant soim;o of inspiration. 

E. T. Eady. 

Oscillations of the Earth’s Atmosphere. By M. V. Wilkes. Cam¬ 
bridge Monographs on Physics. [l*p. x + 76, with 23 figures.] 
(Cambridge : at the University Press, 1949. 12^. 6d. not.) 

The oscillations referred to in the title of this attractively written, well- 
produced monograph are those air-tides or barometric waves induced by 
the stm and moon by gravitational and, in the case of the sun perhaps, 
by thermal action ; phenomena which have provided a happy himting 
groimd for tho mathematical physicist since the time of Laplace and which 
still present a challenge, although tho essential problem appears to have 
been solved in tho last decade or so. The peculiar interest of atmospheric 
tides arises from the fact that, in contrast with the oceans for which the 
moon provides more than twice as much tide as tho sim, tho solar semi- 
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diurnal tide in the atmosphere muoh outweighs the hmar tide. Kelvin 
was the first to suggest that this feature might be due to the existence of 
a natural period of oscillation of the atmosphere so close to twelve solar 
hours as to provide resonance with the exciting force, but attempts to show 
that this was indeed the case have only succeeded in the last few years, 
Taylor, Pekoris and the author having been mainly responsible for the 
success achieved. 

The natural modes of oscillation of the atmosphere dop)ond, as is to be 
expjocted, on the distribution of temperature in the atmosphere. Early 
work on this evaluation was based on simple systems, such as on isothermal 
atmosphere or one in adiabatic equilibrium, and failed for that reason to 
provide sufficiently accurate results. Wo now know that the thermal 
structure is quite complicated, particularly in the vertical (the subject was 
recently discussed in Science Pbooress, No. 147, p. 488, 1949), and it is 
to tho existence of alternating layers of decreasing and increasing tempera¬ 
ture that resonance is due. Herein lies one of the great interests of tho 
study of atmospheric oscillations, for the atmospheric periods are markedly 
dependent on the temperature distribution at the high levels normally 
inaccessible to direct observation, the V2 rocket excepted. Thus tidal theory 
provides a probe as well as an explanation of the observed barometric 
oscillations. It is found that certain distributions of temperature result in 
internal reflection aloft of the energy propagated upwards from near the 
earth’s surface by tho tide-producing forces. The “ mirror ” is not perfect 
and so leakage occurs, giving rise to damped vibrations, the energy being 
ultimately degraded at very high levels by viscosity and thermal conductivity. 

This, and much more, is to bo found fully and clearly expoimdod in the 
author’s monograph ; the complex nature of the solar tide which consists 
of two components—^a travelling wave following tho sun and a standing 
wave with pressure alternately high at the poles and the equator; the 
beautiful work of Chapman and his collaborators on tho amount and varia¬ 
tion of the often minute hmar tide and of the exceedingly small but traceable 
variations in temperature and wind to which it gives rise ; and our know¬ 
ledge of the tides in the ionosphere and their relation with geomagnetic 
phenomena. It is a quite entrancing story and the reader, preferably with 
some mathematical equipment, may expect to enjoy himself largely. 

P. A. S. 


PHYSICS 

Cosmic Radiation. Colston Pajx^rs based on a Symposium hold at 
Bristol in Sept. 1948, now published as a Special Supplement to 
Research, Edited by F. C. Fbank and D. R. Rexwobthy. -[Pp. 
viii -f 189, with 62 figures.] (London: Butterworth’s Scientific 
Publications, 1949. 255. not.) 

This handsomely produced volume marks the opening of a new phase in 
the substantial support given to research in the University of Bristol by 
the Colston Research Society. Concluding that benefcu)tions of the kind 
previously made are less useful now that extensive Government aid to 
research is at last forthcoming, the Society plans, in collaboration with the 
University, to hold annual symposia and to publish the “ finally considered 
version ” of the papers given as the “ Colston Papers,” of which this is 
the first. 
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It is most appropriate, at a time when contributions of the highest 
importance in the subject are coming from the Bristol Laboratories, that 
“ Cosmic Radiation ’* should have boon chosen as the topic of the first 
symposium. The choice, however, of a subject which exhibits an excep¬ 
tional vigour of development necessarily brings forward tho whole question 
of tho form which tho permanent record of such a symposium should take. 
Are the “ Colston Papers ” to appear for the benefit of a public of wide 
interests, which will in this way receive annually a report on tho present 
state of knowledge in some particular subject ? Or are they to be directed 
to the specialised workers of whom those attending the symposia are sup¬ 
posedly representative ? The editorial plan set out in tliis volume clearly 
intends tho latter, and it is true that a few of tho major contributions, and 
pre-eminently those of leading theoreticians, take th<' form of general surveys, 
not accessible elsewhere, of th<^ greatest value to almost all cosmic ray workc'rs, 
contributions which will in duo com’so provide revtniling data on its historical 
development. Tho material of experimental research, on the other hand, 
does not yield so readily to fruitful generalisation and speculation, and it 
must be obscirved that the experimental work reported (occupying the 
greater part of tlie volume) has almost all boon publislied elsewhere, generally 
in more critical detail, while some is certainly alreaily obsolete. This situa¬ 
tion is, of course, inevitable if tho written report is to follow at all closely 
tho linos of the verbal communications made under the restricted conditions 
which are an invariable featiue of modem conferences, and if publication 
of tho whole is to bo held up by tho slowest revisers, but it does make ono 
wonder whether publication in this form is not altogether out of place. 

Substantially unedited collections of conference papers are now frequently 
published as relatively inexpensive supplements in the format of the regular 
journals of research. The higher standard of production which has boon 
sought for tho “ Colston Papers ’* con most obviously bo justified if severe 
and purposeful editing is imposed by the organisers and accepted by the 
C(Jiitributors to subsequent symposia. If the main part of the volume wore 
to consist of a series of invited essay-surveys, it would no doubt be possible 
to summarise briefly the other cornmimications of the symposium, and some 
such modification seems essential if tho Colston Pajxjrs are to have per¬ 
manent value. J. G. Wilson. 

Foiindations of Modern PhysicB. By Thomas B. Brown. Second 
edition. [Pj>. xvi -f 391, with 181 figm'es.] (New York: John 
Wiley & Sons, Inc.; London : Chaj^man & Hall, Ltd., 1949. 40tf. 

net.) 

Thk first edition of this book was published in 1940 and was immediately 
welcomed. The term “ Modem Physics ’* is interpreted as meaning much 
more than the most recent advances in nuclear research, and Prof. Brown 
has succeeded well in showing the close relationship which exists between 
those parts of ph 3 rBiG 8 wliich have changed rapidly during tho last generation 
and the still living older physics from which they have grown. In effect, 
tho book includes those sections of classical physics which a student of 
about Intermediate or H.IS.C. standard will need in order to gain some 
understanding of modem physios as such, as well as a concise account of 
more recent work. No mathematics beyond Intermediate standard is used, 
but this does not moan that the treatment is inexact or superflcial. Prof. 
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Brown is obviously a thoughtful and experienced teacher, and he is careful 
not to use any over-simplified treatments which may lead to false impressions. 

For the second edition the whole text has been revised and a few sections 
added. The whole outlook of the book is thoroughly up to date. There 
are remarkably few slips and misprints. At the end of each chapter there 
are numerical examples and useful bibliographies. The scope of the book 
is, roughly : electrons and atomic structure, wave theory of light, electrical 
oscillations and electromagnetic waves, wave properties of pcurticles, spectra, 
kinetic theory of gases, molecular energy, structure of solids, full radiation 
and the quantum theory, radioactivity, nuclear physics and cosmic rays. 

The book can be commended as a clear and well-balanced introduction 
to modem physics. 

F. A. V. 


Physics Tells Why. By Overton Luhr. [Pp. x -f- 387, with numerous 
figures.] (London : George Allen & Unwin, Ltd., 1949. 16tf. net.) 

The only fault that one can find with this book is in its title. Since the 
time of Galileo, physics has set itself to tell “ How,** leaving the “ Why *’ 
to philosophers and theologians. Setting aside this i)oint, we find in the 
late Dr. Luhr an able instructor in popular physios, one the more qualified 
in that ho spent ten years of research work befon* an enforced stay in hospital 
turned his attention to the Leaching of ph 5 ^ics to those unversed in mathe¬ 
matics. 

In this, the second e<iition, a number of now topics have been added by 
R. Johnson, who prepared the manuscript of the first edition for the press, 
on the death of the author, while Ruth Schmidt has added humorous draw¬ 
ings, which are nevertheless very apt. With her aid, Dr. Luhr takes us 
through the conventional elementary physics course, not forgetting to cite 
recent applications. It is good to see a chapter on meteorology, which 
ought to appear more often in an elementary physics course. There is a 
chapter by the reviser on atomic energy and its possible uses, and another 
on the non-atomic wartime applications of physics. Finally, there is an 
examination paper in the magazine style. 

Altogether a good present for an enejuiring boy or girl, and perliajis a 
good refresher for liis teacher. 

E. G. R. 


Physics: Principles and Applications. By Henry Margenau, 
Whjjam W. Watson and Carol G. Montgomery. [Pp. x -f* 700, 
with 012 figures.] (New York, Toronto, London : McGraw-Hill Book 
Co., Inc., 1949. 44^. Od. net.) 

This is a good book which, wo oro told, has grown out of a collaboration 
of the authors in a course designed for sophomores who require a thorough 
and accurate introduction to engineering and the physical sciences. The 
reviewer was initially too ignorant to name the British equivalents of such 
students, and an examination of the contents of the book has not enlightened 
him overmuch. Suffice it to say that the book contains both more and 
less than is required by Interme^te and Pass Degree candidates, but, let 
it bo added, it would not bo an altogether retrogressive step if physics non- 
specieJists were made familiar with the comprehensive material contained 
in the book rather than with a more detailed knowledge of fewer topics. 
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The book justifies its title in that lecture demonstrations cmd ap^iaratus 
details are omitted, whereas principles are emphasised and topics carefully 
introduced : thus, for example, a table of values is given to show that 
intormolocular forces cannot bo accounted for by gravitational attraction, 
a brief outline of the method of mixture follows the statement that heat is 
energy, and the analogy between mechanical and electrical vibrations is 
made clear by a table of corresponding quantities. Moreover, the methods 
of the calculus are used more and more intensively os the work proceeds 
and the reader’s knowledge of mathematics is supposed to increase. In 
outlook and treatment the book is up to date and contains, for example, 
a note on non-reflecting films an<l the inevitable reference to the atomic 
bomb. 

The book is so well produced that the statement tliat 2000 lb. is called 
a ton will cause no surprise to British readoi’s. 

E. J. I. 


An Introductory Course in College Physics. By Nrwton Hsnby 
Blaok. Third edition. [Pp. xvi -1- 800, with frontispiece, 22 plates 
and 096 figures.] (Now York and London : Macmillan & Co., Ltd., 
1948. 37«. Od. not.) 

In the tliird edition of this book, fundamental principles have boon further 
emphasised at the expense of much technical detail. Certain sections in 
mechanics, heat and electricity liave been expanded and some recent develop¬ 
ments in electronics, optics and atomic physics have l>een omitted. Finally, 
thought-provoking questions have been inserted at the end of each chapter. 

Reading the book for the first time, the reviewer was impressed by the 
lucid exposition and the relative scarcity of error. Naturally in a book that 
ranges from a spring balance to the atomic bomb there are sources of criticism, 
but only a fastidious reviewer would fail to recommend the book. Probably 
the best recommendation is qiute unintentionally in the preface, to wit, 
that the book was used by many non-specialist teachers to instil the basic 
principles of physics into U.S. servicemen. 

J. W. F. 


A University Text-Book of Physics. Vol. II : Sound. By J. H. 

POYNTINO tmd Sir J. J. Thomson. Revised by W. S. Tuokjcr, 
O.B.E., D.Sc., M.R.I. Tenth edition. [Pp. viii -f 251, with 121 
figures.] (London : Charles Qriffin Ik Co., Ltd., 1949. 20^. not.) 

It must be a difficult task to revise a Physics text-book thirty years old, 
and one that Dr. Tucker lias advisedly imdertaken by the process of whole¬ 
sale scrapping of the original. Althougli ho tolls us in the preface that he 
wishes to pay tribute to the original authors by reprinting certain passages 
of their material, yet the readc^r used to the old “ P. and T.” will find few 
reminiscences after the first two chapters. 

Whatever may have beem the original intention of the authors, this 
series has with the march of time become a text-book for the Pass Student, 
and this is frankly tlie person to whom Dr. Tucker addresses himself. The 
book is, however, more than this. Dr. Tucker has given here on account 
of the acoustical work of his team in the Air Defence Expierimental Estab¬ 
lishment of the First World War, which is not to be found published else¬ 
where and forms an invaluable study for any research worker in atmospheric 
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aooustics. It was on tliis work as a basis that radar was developed later. 
Some might cavil at the inclusion of such matter in a book intended to 
cover the University Pass Course, but it is already a tradition in this series : 
and why not T Poynting in the Propertiea of Matter gave a collected account 
of his own research into gravitation which is more than the undergraduate 
needs, but which the reviser haa retained, because to throw it out would 
deprive the scientific world of a model for research. The same may be 
said of Dr. Tucker’s own work. 

Altogether a worthy text-book to take its place in the rapidly expanding 
^rary of modem aooustics. E. G. R. 

^ The Structure of Matter. By F. O. Riob and E. Teller. [Pp. xiv 
-1“ 361, with 70 figures.] (New York : Jolui Wiley & Sons, Inc.; 
London : Chapman & Hall, Ltd., 1949. 40s. net.) 

This book forms the introduction to a series on the stmoture of matter emd 
contains discussions which should prove useful for the material to be covered 
in succeeding volumes. As the authors state, ** It has betm specially designed 
to show the development of our knowledge of atomic structure and to 
summarise the results of quantum mechanics.” This has been accomplished 
with a minimum use of mathematics. Schroedinger’s equation is missing 
and the meanings of causality and probability, particles and waves have 
not been discussed, although there is a brief mention of the uncertainty 
and correspondence principles. Those conclusions of atomic theory which 
are often used in quantum chemistry have been briofiy considered and the 
book offers an infonnal review which, although it may not entirely satisfy 
the physicist, does provide a summary of familiar topics which should prove 
usefhl both to physicists and chemists. 

The opening chapters deal briefly with the hydrogen atom, the periodic 
system, the motion and position of nuclei in molecules, dielectrics and 
van der Woals’ attractive forces. The subject matter in these chapters 
might have received fuller and more detailed attention. A discussion on 
the chemical bond is followed by one on forces in the solitl state in which 
the concept of atomic forces is applied to a groat variety of structures such 
as ionic crystals, metals, semi-conductors and insulators. The chapter on 
magnetic moments is brief and some readers will disagree with the statement 
that the simplest way of explaining diamagnetism is to consider an atom 
as a microscopic conductor whose resistance is zero. Molecular vibrations 
and olectronie spectra are described—^tho material in these chapters ranging 
from colour and resonance to dissociation energies and the spectra of con¬ 
ductors. The book concludes with an account of nuclear chemistry and 
the state of matter in stars. Unfortunately, no references ore made.to tho 
original literature, but the volume is well written, tho diagrams are clecu 
and it can be well recommended to all who are interested in a qualitative 
account of the structure of matter. 

F. H. Newman. 

Practical Spectroscopy. By C. Candler, M.A., F.In8t.P. [Pp. viii 
+ 190, with 4 plates and 113 figures.] (London: Hilger & Watts, 
Ltd., Hilger Division, 1949. 21s. net.) 

This book might bo conveniently and correctly described as a practical 
m a n ual for users of the Hilger wavelength spectrometer, but only those who 
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ait' await) how manifold art) its iisos would realise th« full implications 
of such a (It'scription. There an', in fivct, few procedures in experimental 
spectroscopy which arc not covered, and there is no other book known to 
tho writer which brings together so much valuable data and information 
pM^rtainiiig to this field. It will be of the greatest assistance to any student 
of {ihysics, chemistry or biology who vmdertakc'S H|)ectroscopio measurements, 
whether they bo niado with the wavt'length spectrometer or not. As res¬ 
pective examples of tho kind of c*xjK*riment described, we might instance 
tho determination of wavelengths by the Fabry-Per<)t interferometer, 
absorption spectrophotometry and the estimation of trace elements in 
plants. Tlie experiments desenbt'd vary in standard from those commonly 
porformenl in undergraduate courses (e.g. Edser-HutU'r fringes) to those of 
post-graduate typo (c.</. estimation of copper with dithi/.one). Nor aro they 
confined to straightforward visual and photographic mc'thods, hut include 
investigations of infra-red and Roman 8p<.HJtra. It is porhajis doubtful 
wliethe't tho short chapter on the structure of lino s^H'Ctra was worth includ¬ 
ing, in view of the' impossibility of any adequate treatment of this subject 
in such a small compass, but even here tho author has managed to include 
some mattt'r of practical value which is not readily available olsowhoro. 

Tho book is liberally illustrateil with diagrams of all kinds, and thoro 
are four excolh'nt plates reproducing sjK)Ctrum photographs of various types. 
There is a useful bibliography and subject and author indices. Recent 
developments, such os tho application of photomiiltipliors to spectroscopy, 
are only briefly mentioned, but this is doubtless duo to unavoidable delays 
in publication. The production is of high quality, and no erroi's or misprints 
have b('('n detected. 

Even tho exiieriencod sjoectroscopist will find much of value in the book, 
but it will be indispensable to evwy appi'entico to tho profession. 

W. E. C. 

Absorption Spectropbotometry. By G. F. Lothian, M.A., F.Inst.P. 
fPp. 190, with 71 figures, including 0 plates.] (London : Hilgor & 
Watts, Ltd., 1949. 26^. net.) 

The Practice of Absorption Spectrophotometry (second edition, 1934) by F. 
Twyman and C. B. Allsopp has boon completely revised anti re-written by 
Mr. Lothian, making a new book. 

Tho principles of sj)ectropho tome try are explained clearly and tho treat¬ 
ment of methods of calculation in tho application of 8ix)ctrophotoinetry to 
analysis is admirable. 

The second part of the book on applications consists of well-chosen 
examples of theoretical problems and their backgromid, together with somo 
noat solutions of practical probltnns using ultra-violet or infra-rod absorption. 

Tho third part of tho book deals with techniques of visual and photo¬ 
graphic and photoelectric spectrophotometry, with infra-red methods and 
with light sourct^s, colls and solvents. A great deal of useful information 
has boon peo^kod into this section. 

Tho outstanding developments since 1939 are in tho field of infra-red 
spectroscopy—to quote Lothian : “ Before the ninete’jen-thirties it was 

generally necessary to spend a whole night painfully plotting, porhaj>s one 
spectrum. Then automatic recording became fairly general, and the time 
required for plotting a sixjctriun was reduced to 16 or 30 minutes, and now 
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the use of cathode ray tuben has reduced the time to about a minute, for 
a similar spectrum range." 

Mere spe<3d of working would not account for the progress which has 
beon made. It lias been a result of improvements in design going hand 
in hand with acumen in the use of the instruments. 

The book provides an excellent general survey, but parts of it could 
with advantage bo expanded in later editions. 

R. A. M. 

Electricity and Magnetism. By C. L. Reynolds, M.A. Second 
(xliiion. [Pp. x -f 366, with 291 figures.] (London : G. Bell Sc Sons, 
Ltd., 1949. la, 6d. ; Part I separately, 5a,) 

Since its first appearance in 1926 Mr. Reynolds’s text-book has been reprinted 
sixteen times and has evidently met with wide approval and served the 
purposes of many ph 3 rsics teachers preparing candidates for exeuninations 
at the S.C. and H.S.C. stages. Recent advances in physics and the con- 
comiteuit changes in the syllabuses of the examining bodies have made 
necessary a revision of many of the standard text-books, not all of which 
have survived the process of “ rejuvenation." Whether the present book 
has been sufficiently revitalised to cope with the competition of the several 
lusty newcomers in this Held remains to be seen, and will in large measure 
depend on how much of the modem material the physics master expects 
to find in a modem formal text-book of electricity. 

The author admits in his preface to the difficulty in making selections 
from the mass of new material available, and his final solution is a com¬ 
promise to avoid " making the book unwieldy." Thus, although there is 
an adequate introduction to electronics, and a useful chapter on radio- 
communication, theories of atomic structure receive scant attention. Bohr’s 
atom merely gets honourable mention, and the structure of the nucle\is and 
nuclear transformations have only a passing reference. Those are serious 
omissions from a modem text-book of electricity, and the present book 
might well have beon extended a further 40-60 pages to include these and 
other topics, as well as to amplify more of the earlier work (particularly the 
section on the potentiometer), and to give fuller theory in imrts and generally 
more experimental detail. Many of the diagrams seem to have siiffbred 
from over-reduction, and the general impression is one of austerity. 

Nonetheless there is much of value in this book, the chapter on alter¬ 
nating currents (which has been considerably extended), and the one on 
the behaviour of motors and dynamos being particularly good, and physics 
masters should certainly inspect a copy. 

F. TxUBB. 


Theory of Atomic Nucleus and Nuclear Energy-Sources. By G. 

Gamow and C. L. Ckitchweld. Third edition of Structure of Atomic 
Nudeua and Nuclear Tranaformationa, International Series of Mono¬ 
graphs on Physics. [Pp. viii -h 344, with 6 plates and 62 figures.] 
(Oxford; at the Clarezidon Press, 1949. 30s. net.) 

The lack of adequate text-books published in England on nuclear physics 
is well known, and the latest revision of Prof. Gamow’s book, now published 
in collaboration with C. L. Critchfield, is therefore particularly welcome. 
The history of the two earlier editions, both of which reached publication 
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lit a moment when fundamental advanoe» rendered large parts obsolete, 
might well have daimitHl the authors, but the stability inherent in the very 
scope and detail of experimental material now available makes one confident 
that this volume will not suffer the fate of its predecessors. 

The general plan of the book, leading inductively from the elementary 
properties of nuclei to nucjlear forces, general theory of nuclear structure, 
the /^-transformations, spontaneous disintegration, collision transformations, 
thermonuclear reactions and chain reactions, is undoubtedly satisfying, 
although it makes considerable demands on initial knowledge : when this 
has been assumed the greater part of the treatment is of conspicuous clarity. 
The first chapter might with advantage have Ix^cii expanded, since the 
rt'oder is unlikely to have mcmiorised much of tlie oxjx»rimental material 
involved and since tl\o tabulated data is not immediately assimilable. The 
first platts also, which refers to this chapter, cannot be rt'garded as satis¬ 
factory, for the roadc'r is left quite imcertain on what mental plane ho is 
to accept the nigged plasticine pinnacles tlepictod then*. 

The chapter on spontaneous disintegration is the only point at which 
anythmg of the first edition remains. Now, howevt^r, a gcmeral considera¬ 
tion of the energetic limitations of nuck^ar division selves as an introduction 
both to fission and to a-octivity. Th<i change of emphasis in this chapU*r 
illustrates excellently the development of our understanding of nuclear 
problems in the intervening years. 

Most readers will probably go out of turn to the fascinating chapter on 
thermonuclear reactions in astrophysics, a subjwt to which both authors 
have mode important contributions. The excuse put forward in the preface, 
that this chapter covers groun<l not yet ad(Hiuately treated in texts on 
astrophysics, is certainly not nei^dcd, and it would bo most unfortunate 
had any contingency led to its exclusion. Tlio various sections, both 
established and sjHJculative, provide an exceptionally satisfactory groimd- 
work to topics of absorbing interest. 

The excellent standard of production is fully up to tliat expecteil from 
the Clarendon Press. 

J. G. Wilson. 

The Atomic Age. Sir Halley Stewart Memorial Lectures for 1948. 
[Pp. 149.] (London : George Allen & Unwin, Ltd., 1949. 7^r. (k/. 

net.) 

The Halley Lc'ctures make a most welcome reappearance after a lapse of 
ten years. The Sir Halley Stewart Trust, founded in 1924, aims at providing 
moans for research towards the Christian Ideal in Social Life, and the first 
memorial lecture sponsort'd by the Trust which apjxjarod in 1927 was the 
precursor of a distinguished group. 

Tho 1948 lectures represent the contributions of an eminent group of 
specialists to the social and international problems brought about by tho 
release of atomic energy. They include ; “ The Scientific Achievement,*’ 
by M. L. E. Oliphant; “ Tho Military Consequences of Atomic Energy,” 
by P. M. 8. Blackett; ” The Economic Repercussions of Atomic Energy,” 
by R. F. Harrod; ” Values in the Atomic Age,” by Bertrand Russell; 
” The Political Repercussions of Atomic Power,” by Lionel Curtis ; and 
” America as Atlas,” by D. W. Brogan. 

The essential method of jiroduction of atomic bombs and the impact 
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of this new weapon on modem civilisation are discussed in clear and simple 
language. The authors will need no special introduction to many, but the 
production would have been improved by the inclusion of a brief record of 
its illustrious group of contributors. 

The Halley Trust are to be congratulated on this venture, for surely 
the release of atomic energy is the most significant event of our age and 
the misuse of the new power placed in the hands of mankind must be upper¬ 
most in the mind of every thoughtful citizen. There is no escape from 
our international responsibility in this and the subject of these lectures is 
therefore of the highest importance to us all. The contributions of these 
eminent scholars should be in the hands of all who would not try to evade 
the realities of the age in which we live. 

G. E. Habrisok. 

Fundamentals ol Discharge Tube Circuits. By V. J. Fbanois, 
B.Sc., A.R.C.S., F.Inst.P., M.I.E.E. Methuen's Monographs on 
Physical Subjects. [Pp. x + 134, with 40 figures.] (London: 
Methuen A Co., Ltd., 1940. 6s. 6d. net.) 

Until the appearance of this book by a member of the G.E.C. Research 
Laboratories there was very little systematic information available about 
the electrical circuit properties of the gas discharge tubes now increeusingly 
used for illumination. The author has here met the need for a full survey 
in a most competent manner. Throughout the text the emphasis is on funda¬ 
mental principles of the electrical behaviour of discharge tubes in their associ¬ 
ated circuits. In contrast with many available descriptions of circuits in 
common use, this monograph describes the principles on which circuit design 
must be based. 

The scope of the book is well indicated by the chapter subjects, which 
are (1) Discharge tubes as circuit elements, (3) D.C. operation, (3) Dynamic 
characteristics, (4) Waveforms on A.C., (5) A.C. operation, (6) Initiation of 
the discharge, and (7) Typical circuits, and design principles. The treat¬ 
ment includes all discharge devices whose characteristics depend on the 
positive column behaviour (thus including all the tubes widely used for 
illumination piuposes) : it excludes those in which cathode phenomena are 
paramoimt and those operating at very low pressures ewid current densities. 

Clear and careful presentation makes the book doubly valuable. 

H. Marriott. 

Radio Wave Propagatiozi. [Pp. xii -f 648, with 601 figures.] (New 
York: Academic Press, Inc.; London: H. K. Lewis A Co., Ltd., 
1049. 90a. net.) 

This book provides a consolidated summary technical report of the Com¬ 
mittee on Propagation of the National Defense Research Committee " of 
which C. R. Burrows was Chairman. The editor of the book is S. S. Attwood. 
The title is misleading, since the book deals only with that very specialised 
field of radio-wave propagation in which the frequency is greater than 
30 Mc./s.; moreover, the very large part of the book is devoted to fmquencies 
of 1000 Mc./s. and above and the emphasis is predominantly on radar 
applications. Once this restriction is realised, however, the reader will find 
this a valuable and stimulating book. 

It has been produced by the skilful combination of a series of technical 
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reportis presented to the Committee during the war by workers in several 
parts of the world. This method of production has led, inevitably, to some 
repetition and to some variation of standard and of verbosity. The work 
is divided into three “ volumes ” all bound together in one book. 

The reader new to the subjeot should first study Vol. Ill which presents, 
in text-book form, a full survey of the “ Propagation of radio waves through 
the standard atmosphere,’* i.e. an atmosphere in which the temperature 
and water vapour content vary upwards in a specified way. The treatment 
is intended for those with ” college training in radio, physics, or electrical 
engineering ” and, starting with fundamental concepts, leads up to ideas 
of gain, receiver sensitivity, scattering cross-section (of radar taigets), 
antennas (in imoxpocted detail), refraction in the trojx>8phere, and reflection 
from the surface of the earth. A long chapter deals in detail with the 
calculation of radio gain and coverage diagrams and includes a series of 
worked examples for typical special cases. Diffraction by terrestrial obstacles 
is next dealt with and then follows a chapter on the siting of radar stations. 

Those with some previous knowledge of the subject will be more interested 
in Vol. I, “ Technical Survey ” and Vol. II, “ Radio Wave Propsigation 
Experiments.” Part 1 of Vol. I gives an account of the theory of ” non¬ 
standard propagation ” such as occurs when the troposphere departs from 
the simple standard form. This aocoimt completes the ” text-book ” accoimt 
of Vol. Ill which is restricted to the case of the “ standard atmosphere.” 
Part II includes a series of sj^ecialist reports, the longest and most interesting 
of which deals with the siting and coverage of ground radars and, amongst 
other things, with diffraction by terrestrial objects and diffuse reflection 
from the land. Vol. II describes experiments on the appropriate aspects 
of meteorology and on the measurement of reflection coefficients of groimd 
and sea, experiments on dielectric constants, absorption and scattering, 
storm detection, the nature of echoes from radar targets, and measurements 
of angle of arrival of waves. 

The appendix includes a most valuable classified bibliography of reports, 
most of which were produced during the war and have never b^n officially 
” published.” 

The book provides a most valuable text-book on the subject of tropo¬ 
spheric radio propagation, and can be recommended both to those with 
little knowledge of the subject, and to the expert. 

J. A. Ratoufub. 

Waveform*. Edited by Bbitton Chance, Frederick C. Wiluams, 
Vernon Hughes, Edward F. MacNichol, and David Sayre. 
[Pp. xxii 4- 774, with 758 figures.] (Now York, Toronto, London : 
McGraw-Hill Book Co., Inc., 1949. 85s. net.) 

This book forms Vol. 19 of the Radiation Laboratory (M.I.T.) series on 
radar techniques. The field covered by the work is defined by the followin g 
quotation from the introduction. ” This book deals with the applications 
of circuit techniques to the generation of waveforms, both sinusoidal and 
otherwise, and to the manipulation of waveforms to meet specific needs. 
The title Waveforms refers to currents or voltages considered as functions 
of time in a rectangular coordinato system.” The book is, in fact, the main 
work in the series dealing with the basic circuit techniques of radar. Other 
voltunes in the same series cover applications of the basic techniques, viz. 
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Vol. 5 {PulBe Oeneratora), Vol. 20 {EUctfonie Time MeaauremetUa), and 
Vol. 22 (CcUhodc Ray Tube Displays). 

This book maintains the consistently high standard of tho series. It is 
pleasing to see that both American and British work is included. In spite 
of co-operation between radar establishments during the war, there remained 
considerable diiferonoes in approach to circuit problems on the two sides 
of the Atlantic. In its most obvious form this showed itself in the extensive 
use by tho American workers of the doublo-triorle type valve, in contrast 
with the British preference for the high slope pentode. Hero we find circuits 
using both British and American valve t 3 rpes described and compared. 
The short Glossary could, however, be usefully expanded to include a few 
more terms which differ in British and American usage. 

The circuits described are classified according to function rather than 
according to type. Thus a basic circuit type such as the multivibrator 
appears luider several different headings according to its various possible 
uses. This procedure is certainly justified in what is essentially a reference 
work. It means that a circuit designer with a problem to solve can quickly 
compare the various circuits which may satisfy his requirements, and cim 
be sure that he has not overlooked any of tho possibilities. 

There are particularly valuable chapters on mathematical computations 
performed by moans of waveforms, which include much original material. 
The book can bo recommended without qualification as an outstanding 
contribution to the literature on this subject. 

B. H. Briggs. 


Electronic Time Measurements. Edited by Britton Chance, Robert 
Hxtlsizer, Edward MacNichol and F. C. Williams. M.I.T. Radia¬ 
tion Laboratory Series. [Pp. xviii -f- 538, with 383 figures.] (New 
York, Toronto, London : McGraw-Hill Book Co., Inc., 1949. 59^. 6d. 

net.) 

To quote the Preface : “ The object of this book is to present tho method 
of approcu^h to tho problems of time and distance measuroment, by manual 
and automatic moans, and the practical circuits employed for these purposes.” 
The book is essentially conoemod with the control, timing and visual pre¬ 
sentation sides of radar systems. A good deal of tho included material is 
of British origin, a fact which it gives ploeisure to see generously acknowledged. 

The subject has not boon dealt with so much from the point of view of 
theoretical principles, as from detailed descriptions of existing systems, 
illustrated by their circuit diagrams with the full numerical values marked 
in, which, it might be argued, is not helpful to tho designer of future systems. 
Indeed, it is perhaps true to say that this whole subject has not yet been 
developed far enough for tho various circuit principles, and their inter¬ 
relationships, to bo presented on a theoretical basis. The urgency of radar 
development during the war was such as to hamper the systematising of 
theories of design and the development of a condensing mathematics com¬ 
parable, for example, to linear network analysis. This lias boon recognised 
in the introductory romai'ks to Chap. 9 ; the editors have, however, tackled 
this obstacle in an excellent way, partly by developing tho material in tho 
book in a very logical mannor, and partly by the generous uso of block 
diagrams. These diagrams, and tho schematic circuits, show clearly the 
functions of the various component parts of a system and the interplay 
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between them, thereby greatly assisting towards comparative study of 
systems. This volume should perhaps be regarded as a companion to Vol. 19 
{Waveforma), since this latter contains details of circuit behaviour which 
have been necessarily omitted here. 

A useful Glossary is included, defining some (but by no means all) of 
the jargon which has grown up aroimd this subject; a helpful inclusion, 
since the etymology of some of the t(^rms is vague 1 The book is extremely 
comprehensive and wrill bo of use not only to radar designers, but all con¬ 
cerned with electronic computing, control and pulse communication systems. 

Conm Chkrry. 

Metal Rectifiers. By H. K. Kenisch. Monographs of the Physics and 
Chemistry of Materials. [Pp. xii + 156, with 55 figures.] (Oxford : 
at the Clarendon Press, 1949. 15s. not.) 

The writer on this subject must often find himself in the tangled ooimtry 
which divides idealised physical theory from the complex and bafiling 
behaviour of actual matc'rials, and much depends on how ho sets about 
finding a path through the jimglo. His book could so easily degenerate 
into a scrap-book of curious observations and siiip{K»ts of theory. Dr. 
Henisch has avoided this pitfall by centring his book roimd his excellent fifth 
chapter on “ Modem Theories of Rectification ”—a chapter occupying a 
third of the book. While it is true that most of the rnatcrial in this chapter 
is already available elsewhere, and that the treatment is at times necc^ssarily 
brief and in summarised form only, it is a wcll-writtc?n account, both of 
rectifier theory and much of the relevant theory of solids, in a connoote<l 
form very difficult to <5omo by elsewhere. Dotacjhed from Chapt/cr V, but 
clearly part of the same story. Chapter VI gives a brief account of earlier 
theories of rectification. As a sort of technical introduction to those two 
chapters, which form the core of the book, the first four chapters describe 
certain asjpocts of manufacture, the characteristic properties of the manu¬ 
factured article, and measurements on rectifiers. This part of the subject 
is so complex that much credit is duo to the author for judicious selection. 
It is probably tlie great difficulty of selection and necessary compression, 
however, which has made tliis section rather lass satisfactory than the main 
chapters. It is certain that the requirements of brc'vity have imposexi severe 
limits on the author hero, and are no doubt responsible for some obscurities. 
Some of the summarised explanations are not at all easy to follow. It is 
to be hoped that, when the exigencies of cost and space become less cramping, 
this section of the book may be expanded. The final Chapters, Not^ on 
Rectifier Operation ” and “ Notes on Rectifier Development,” contain, in 
very brief and somewhat detached form, a good deal of technical information 
and suggestions likely to bo of value to the user of rectifiers. 

The book concludes, and special attention ought to be drawn to this, 
with a very full bibliography on semiconductors and rectifiers. 

So much of this book is excellent and accurate that small criticisms 
ought not to be taken too serioiisly—^personal prejudice in the reader must 
be allowed for. One or two such criticisms wifi ooour to most readers, 
however. It seems a pity, for instance, to use the term “ thermal diffusion,” 
which has an accepted and different connotation in the kinetic theory of 
gases, for what appears to bo just ” diffusion ” (pp. 86, 102). Most people 
would disagree, also, with the units of thermal conductivity given on p« 10. 
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Smaller blemishee like these apart, however, the book is a valuable addition 
to the literature of rectification, and a worthy member of the Oxford series 
of monographs. 

J. P. A. 

Laboratory and Workshop Notes. Edited by Rttth Lano, Ph.D., 
A.Inst,P. [Pp. xii -f- 272, with 196 figures.] (London: Edward 
Arnold A Co., 1949. 21s. net.) 

All physicists and others will be familiar with the laboratory and workshop 
notes which have formed a characteristic feature during the post twenty-five 
years of the Journal of Scientific Instrumental Tlieso notes represent a fund 
of practical knowledge, based on experience, but, generally speaking, are 
not available to many who would welcome such helpful hints. The Board 
of the Institute of Ph 3 r 8 ics believes, quite rightly, that these simple and 
useful devices should be more widely known in laboratories and workshops. 
Accordingly Dr. Ruth Lang has made a selection of these notes, on the 
basis of general usefulness, cmd the present book is the result. The number 
of such articles reproduced is 181, which represents loss than half of those 
appearing in the journal over the period mentioned. It oould not have 
b^n an easy matter to decide which articles should be included, but the 
author has made a good choice. 

The book is divided into eight arbitrary sections, the first of which 
includes laboratory tools, processes and devices such as hole-drilling, gears 
and a comprehensive article on cements and waxes. This is followed by 
a section on clamps, apparatus and agitators, and one on soldoring, brazung 
and welding, which includes advice on the welding of fine wires and an 
informative article by Boys on the whole subject. The section on the 
technique of glass manipulation, silvering, vacuum technique and devices 
includes a description—also by Boys—of the manipulation of glass which 
embodies all his own ideas and practice and which should be read—even 
in these da 3 rs—^by all glass workers. Various seals, traps, vacuum leaks, 
valves—importemt features in high vacuum technique—^receive fiill treat¬ 
ment. The remaining sections are composed of articles on electrical, mag¬ 
netic and optical devices and the flow of liquids. So diverse is the nature 
of the contents that it is impossible to mention more than a few of the moro 
imj>ortant ones. 

The diagrams are numerous and good, and there is an adequate index. 
The book can be recommended to all workers in laboratories and workshops, 
and it is hoped that the promised further volume will soon appear. 

F. H. Newman. 


Components Handbook. Edited by J. F. Blackburn. M.LT. Radia¬ 
tion Laboratory Series, Vol. 17. [Pp. xviii -f 626, with 368 figures.] 
(New York, Toronto, London: MoQraw-Hill Book Co., Inc., 1949. 
68s. net.) 

To the radio resecu^oh or development engineer, the cataloguing and testing 
of components and the drawing up of specifications is usually a dull, if 
necessary, job. It is regrettable, therefore, that the Components Handbook 
sl^iould devote so much space to these topics, while excluding information 
of a more general nature which would be more universally useful. The 
majority of the book gives the impression that the authors have paid more 
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attention to the wartime Joint Army-Navy component specifications than 
to the presentation of more fundamental principles of component design. 

The chapters on “ Iron-cored Inductors ” and “ Electromagnetic Delay 
Lines are» however, well written, presenting useful design data in a con¬ 
venient form. Chaps. 2 and 3, which deal with fixed resistors, include 
some valudblo information about the H.F. characteristics of composition 
resistors, and a good summary of the properties of varistors. Other chapters 
which may be useful, though their appeal is rather specialised, are “ Piezo¬ 
electric Devices,” ” Supersonic Delay Lines ” and “ Rotary Inductors.” 

The remaining seven chapters appear, however, to bo little more tlian 
catalogues of components developed at, or for, M.I.T. during the war years. 
This is particularly so of Chap. 13, “ Relays and Reflated Devices,” which 
concludes with five pages of tabulated information on no less than 120 
different types of relay. Well may the British engineer be thankful for 
the efforts of the G.P.O. which have reduced the number of basic typos of 
relay to three I 

On the whole, the reviewer feels that, wliilo the Components Handbook 
would no doubt have been useful in the United States in 1947, the British 
engineer at the present time is not likely to find it of great value. 

K. E. Maohin. 

Principles of Servomechanisms. By Gordon S. Brown and Donald 
P. Campbell. [Pp, xiv -H 400, with 207 figures.] (New York: 
John Wiley & Sons, Inc.; London: Chapman & Hall, Ltd., 1948. 
40s. net.) 

This book is a treatise on the theory of automatic control systems of the 
closed-loop type, in which tho error between the desired state of the con¬ 
trolled element and the existing state is measured and the mechanism seeks 
continuously to bring tho error to zero. Tho book is not a catalogue of 
particular mechanisms or arrangements ; its authors 86M»k to set out tho 
theoretical treatment of the dynamics of scrvomechanic's by tho methods 
of transient response and sinusoidal response. 

Problems of two types may face the designer of automatic control systems. 
He may wish to analyse the performances of an existing mechanism or ho 
may wish to determine the characteristics required in tho components of 
a mechanism in order that it shall fulfil given performance requirements. 
While the former problem is given cuioquate treatment, tho latter, that of 
tho synthesis of systems, is the central theme of this book, and it is for this 
reason particularly that tho volume is a welcome addition to the literature 
on the subject. 

The work begins with tho formulation of the problem of the closed-loop 
system in terms of differential equations. The treatment is then extended 
to the use of the Laplace transform, and to tho representation of a system 
by a transfer function ; the use of tho transfer function as a moans in the 
synthesis of systems is demonstrated. The book ends with an explanation 
of approximate methods by which the transient behaviour of a system may 
be determined from its frequency function. The treatment is confined 
tliroughout to linear parameters. There is no analysis of the energy aspects 
of servomechanisms, but such matters will present httlo difficulty to those 
who have mastered the book. A number of problems on the work of each 
chapter is included in an appendix, cmd a useful bibliography is also provided. 
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Although there are occasional lapses in which the writing becomes obscure, 
the presentation is, in the main, good, and the treatment reasonably com* 
plete. The book can be recommended both to the student and to the 
engineer, who will find in it much which will aid practical design. 

A. A. H. 

Worked Examples in Electrical Engineering. By W. T. Pratt, 
B.Sc. (Eng.). A.C.G.I., D.I.C., A.M.I.E.E. [Pp. 263, with 134 figures.] 
(London : Hutchinson's Scientific and Technical Publications, 1949. 
26s. net.) 

This collection of nearly 200 numerical examples is similar in character to 
the compiler’s previous book of Examples in Electrotechnology, to which it 
forms a sequel. It is intended for students preparing for the higher Nationcd 
Certificate, the City and Guilds Final Certificate, Part B of the I.E.E. 
Examination, and some stibjocts of Final Degree Examinations. The 
questions are largely extract-ed from previous examination papers, and in 
most cases the solution is confined to the numerical part of the question. 

Classification of the examples is by subject matter. Six of the 15 chapters 
deal with A.C. machines, one with mercury arc rectifiers, one with D.C. 
machines, and one with A.C. circuits. In the second section them are throe 
chapters on the transmission of energy by cables and lines, two on the 
economics and technics of generation, and one on fault and protection cal* 
culations. There are also useful definitions of the terms and symbols used, 
a bibliography and on index. Electronics and measurements have been 
purposely excluded from the book. 

Very clear working of the solutions, with adequate explanation of the 
principles involved, will make the book extremely usefiil to students pre¬ 
paring for examinations. 

H. Marriott. 


CHEMISTRY 

A Class Book of Physical Chemistry. By T. Martin Lowry, C.B.E., 
M.A., D.Sc., F.R.S., and Samuel Sugdbn, D.Sc., A.R.C.Sc., F.R.S. 
Second odition. fPp, x 4- 454, with 75 figures and 101 tables.] 
(London : Macmillan & Co., Ltd., 1949. 8ir. 6d. not.) 

Ever since the publication of the first edition in 1929, Lowry and Sugden 
has been well known and esteemed as giving a simple and attractive introduc¬ 
tion to physical chemistry. In preparing this new edition. Prof. Sugden 
has, it would appear, chosen wisely in resisting the temptation of introducing 
a large number of the more recently developed aspects of the subject, which 
could have had, at the most, only scant reference in a book of this' size and 
purpose. He has therefore oonf^ed himself to alterations or additions to 
those sections which would have left an incorrect impression witliout them. 
Of these the principal seems to bo a section dealing with activities and 
activity co<^cients, written in a most simple and attractive manner. It 
does seem a great pity, however, that such introductions have necessitated a 
rather clumsy pagination. 

Fashions in the approach to physical chemistry may change, but for those 
who still prefer a simple and essentially practical route, calculated to whet 
the interest of the student, they will still find it here. The examples chosen 
may be all classics, and some of the branches of the subject which have now 
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fallen into the background may bo given what now appears rather too largo 
a proportion of the available space, but it is an excellent preliminary to a 
more profound study. In this direction it is pleasing to note that the sym- 
boh/tfin has been revised to accord with modem practice. 
y J. W. Smith. 


Acids, Bases and Non-Aqueous Systems. ByLunwia F. Audriicth. 
Twenty-third Aimual Priestley Lectures. [Pp. viii + 66.J (Pennsyl¬ 
vania : Phi Lambda TJpsilon, Dept, of Chemistry, State College, 1949. 
$ 2 . 00 .) 


In this small volume the author summarises the historical development of 
the acid-base concei)t and then proceeds (Chaps. II and TIT) to discuss tho 
Lowry-BrOnsted and Lewis theories with particular reference to the analogies 
between ammonia derivatives nnd oxygen-containing com|X)imd8. Chap. IV 
inchides a classification of nitrogen derivatives based upon nitrogem hydrides 
(called hydronitrog(»ns), which in many cases are miknown in the fn'o state, 
and the analogy between those compounds and those of oxygtm. Tho conclud¬ 
ing chapter is devoted to tho applications of those thoorit^ to reactions 
occurring in fused melts. 

In accord with its (character as a reprint of a lecture course, tho book is 
written in an attractive popular stylo. Although the contents of tho first 
half may bo regarded os classical, there is much to stimulate tho interest and 
imagination in tho last two chapters, which are based principally on the 
author’s own work. Somo of the suggestions put forward may not receive 
general oocoptanco but the approach is very interesting, especially in tho 
development of nitrogen chemistry as a field intermediate between inorganic 
and organic chemistry. One shudders, however, at thti suggestion (p. 66) 
that “ Perhaps it is time for tho nitrogen chemist to divorct? himself from 
both of these two accepted fields and to label himself specifically » ‘ nitrogen 
chemist.’ ” 

J. W. Smith. 

Tlie Theory of Solutions of High Polymers. By A. K. Mii^.er. 
[Pp. viii + 118, with 12 figun^s.J (Oxford ; at the Clarendon Press, 
1948. 126. 6 d. net.) 


Thu behaviour of solutions has been one of the prime interests of physical 
chemists. Since th(^ formulation of Raoult’s Law connecting vapoiu* pressure 
and composition, tho general problem has been to account for the deviations 
in terms of tlie nature of tho mixed molecules. Although considerable 
progress has been made, tho complete solution is far from sight. 

All this work has boon concerned with mixtures of molecules of roughly 
the same sisw and shape. It might, therefore, seem to be completely hopeless 
to attempt to deal with a mixture of big molecules (high polymers) and small 
molecules, for tho deviation from Raoult’s Law, even at concentrations as 
low as 0*1 per cent, by weight, can be very serious—so serious in fact that a 
now kind of theory is needed to deal with the phenomena. The aim of the 
theory is to got a first approximation to a relationship between vapour pres¬ 
sure of the solution and composition. This is the theme of Dr. Miller’s book 
and the approach is by moans of statistical mechanics. Hence the problem 
is to set up a model, and this is the controversial part, in whioh the segments 
of a linear polymer occupy a number of points in a lattice, which represents 
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the solvent. Such a model is then treated by the standardised methods of 
statistical mechanics in order to fbid the manner in which solute and solvent 
can be arremged. Dr. Miller shows that this approach is successful in account¬ 
ing for the i^haviour of one or two systems which have been investigated 
over a sufficient range of concentrations. 

The emphasis is, of course, on the theoretical side, and the book is not 
easy reading for the chemist, though a brief introduction to statistical 
mechanics makes it unnecessary to go to the larger standard texts for the 
preliminary mathematical devices needed for this kind of treatment. 

It is to be hoped that the publication of a book of this kind will, on the 
one hand, show the difficulty of getting an acceptable model, having regard 
to the assumptions made, and also stimulate the experimental scientist to 
explore, over a wider range of concentrations than hitherto, the behaviour of 
high polymer solutions. 

/ H. W. Mblvuxb. 


Surface Tension and tbe Spreading of Liqfuids. By R. S. Bubdon, 
D.So., F.Inst.P. Second edition. Cambridge Monographs on Physios. 
[Pp. xiv + 02, with 22 figures, including 3 plates.] (Cambridge : 
at the University Press, 1949. 12s. 6d. net.) 

This edition extends the first, by referring to some recent work. The most 
valuable chapters are those on mercury surfaces and the spreading of liquids 
on merciiry, which includes the author’s own work. The rest of the book 
consists of short, but clear, notes on very many points on Surface Chemistry. 
The book is perhaps not systematic enough to give a beginner a balanced 
idea of the subject, and a person already acquainted with the principles will 
find much of it very elementary ; but it may draw attention to papers not 
sufficiently noticed in other l^oks. There are a few inaccuracies : e,g, 
liquid expanded films are called ** gaseous '* on p. 69. Without pretending 
to give a full account of the subject, the booklet has distinct value. 

N. K. A. 


(Surface Chemietry : Papers presented for a Discussion of the 
^ Soci6td de Chimie Physique and the Faraday Society, 
October 1947. [Pp. viii + 834, with 13 plates and numerous 
figures.] (London: Buttorworth’s Scientific Publications, 1949. 
26s. not.) 

This collection of over 40 papers describes recent work in many branches of 
Surface Chemistry. The veteran, and still most ingenious Henri Devaux, 
in whose honour the meeting was held, opens with an account of the expansion 
of films of simple substances on mercury, owing to absorption of water from 
the air. Guggenheim summarises, with masterly conciseness, the funda¬ 
mental theorems of surface thermodynamics. There are interesting con¬ 
tributions on the oquilibritun between, and changes in, surface phases ; on 
monolayers of aliphatic substances and of proteins, at areas from closely 
packed up to many thousand sq. A. per molecule, and their penetration by 
soluble amines ; the distribution of ions in the neighbourhood of monolayers 
and of ionic micelles ; complexes between proteins and paraffin chain salts 
in aqueous solution; and on the sepeuration of hasmoglobin and catalase 
by frothing. A good many of these papers, as is inevitable in a discussion, 
deal with work already published, but are none the less valuable in proximity 
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to the others. Some of the later impors, from the Cambridge Laboratory of 
Colloid Science, attempt a correlation betwot'n the properties of surface 
£4ms and biological action, including bactericidal power ; and a study of the 
amount of paraffin chain salts taken up by bacteria and suspensions of various 
insoluble organic substances ; also the electrokinetic potential is described. 

The volume will be indispensable to serious students of Surface Chemistry, 
and of Physical Chemistry applied to Biology. 




N. K. A. 


Surface Active Agents. By A. M. Sohwaatz and J. W. Pbrby. 
[Pp. xii 4* 1579, with 61 figures.] (Now York and London : Inter- 
scionoo Publishers, Inc., 1049. SOa, not.) 


A COMPREHENSIVE book on this topic has long been needed, not only by those 
concerned with the technological uses of surface active agents (soaps, wetting 
agents, detergents, etc.), but also by those interested in more fimdamental 
studies. 

Tlie aims of the present volume are given by the authors as follows : 

“ This book is an attempt to summarize the achievements of the 
last throe decades in developing a host of new surface active agents. 
The different types of products are reviewed with particular attention to 
their laboratory synthesis, commercial production, and characteristic 
properties. Special attention has been directed to the numerous pretctical 
applications of surface active agents and to their utilitarian effects— 
foaming, wetting, detergency, emulsification, spreading, etc. In order 
to provide background for a bettor imdorstanding of the diverse practical 
applications and related effects, the fundamentals of the chemistry and 
physics of surface phenomena have been summarized separately. It 
was our aim to present a well-integrated picture of the present state of 
development of surface active agents. It is hoped that this book may 
prove interesting and helpful to practising chemists in general, to advanced 
students in chemistry and chemical teclmology, and particularly to 
specialists in the production, investigation, and application of surface 
active agents.’* 

Tlie book is accordingly divided into three sections : Part I, Processes 
for synthesizing and manufacturing surface active agents ; Part II, The 
physical chemistry of surface active agents in theory and practice ; Part III, 
Practical applications of surface active agents. 

Considering the magnitude of the task, the authors ore to be congratulated 
on their achievement. It is unfortunate that since the book was written 
certain aspects of the physical chemistry of surface active agents have been 
cleared up, since an imderstanding of many of the practical uses depends upon 
the physico-chemical factors involved. For examj^le, it is now generally 
agre^ that the properties of concentrated soap solutions, including the X-ray 
data, are adequately explicable on the basis of a single micellar structure, 
the spherical, Hartley, typo. 

The literature, both patent and scientific, has been very well covered, 
and the authors have not fallen into the all-too-common habit of only recog¬ 
nising work carried out in their own country. 

The reviewer’s only major criticism concerns the price, which will greatly 
restrict the book’s availability to people in this country. 

A. £. Alexander. 
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Crystals and X-Rays. By Kathi.bkn Ldnsdaue, D.Sc.» F.R.S. [Pp. 
viii + 199, with 13 platos and 138 figures.] (London : G. Boll Sl 
Sons, Ltd., 1948. 2la, net.) 

X-RAY crystallography, the chief tool of structure-analysis, is o\u*ioti8ly 
amorphous. Its creators hod to formulate their own background, largely 
physical. But its primary disciplines are so broad, and the subjects it now 
servos so varied, that specihe training is unstandardisod and there is still 
room for an authoritative conspectus sketching the scoj^e of X-ray methods 
and acting as guide and source-book. 

In seven compact chapters this little volume, based on a course of public 
lectures, does so admirably. Historical development, generation and pro¬ 
perties of X-rays, crystal geometry axid symmetry, and determination of 
geometric structure and atomic and electronic distributions make solid 
reading. Cliapter VI on extra-structural properties and real crystals is 
the highlight: the importance of extinctions is clearly stated and elegantly 
illustrated, while the section on thermal effects is peculiarly the author’s 
own. Practically the whole of the structure-analytical field is covered in 
the crowded topics of the final chapter, which ranges from the fine detail 
of bonding, through the order-disorder of alloys and mixtKl crystals, to 
random and defect structures and tho broad biological field of fibres and 
proteins. Guidance is perhafis less sure on purely chemical asi^ects, and 
tho early debt of X-rays to chemistry is not unduly stressed. 

Treatment throughout is revealing : thorough, concrete, factual, all- 
cmbracing : descriptive without room for proofs, but neglecting no diffi¬ 
culties I the wealth of illustrations cwimirably selected and of international 
flavour : analogies homely and pointed: truly in tho Bragg tradition. 
While modem technique and results an3 finely exemplified, the stn^ss is on 
principles and types with avoidance of unthinking routine machinery. 

The modest claims of tho preface are fully met. What gives tliese pages 
their wider appeal is that they are the product of intense experience of one 
who was from tho first of tho elect, and whose supreme mastory of the physics 
of hor subject is paralleled only by the magnitude and variety of hor con¬ 
tributions to its growth and organisation. Tho book will be read with profit 
not only by those industrial administrativo and technical staffs to whom 
it is primarily addressed, but by most practising crystallographors. It will 
revolve memories in those privileged workers who exj^erionced tho author’s 
generous, sympathetic cuid clear guidance at the right hand of W. H. Bragg, 
the nucleus of that cybotactic centre, the Davy-Faraday Laboratory of the 
Royal Institution, in ono of its liappiest periods of light and leading. 

I. MaoAbthur. 

Preparation and Chcu:*act6ri8tic8 of Solid Luminescent Materials. 

Edited by Gorton R. Fonda and Fbbdbriob: Seitz. [Pp. xvi -f 469, 
with numerous figures.] (New York : John Wiley Sc Sons, Inc .; 
London: Chapman Sc Hall, Ltd., 1948. 40«. net.) 

Thb International Conference on Solid I^uminesoent Materials held at Cornell 
in October 1946 was a specialists’ meeting which inevitably demonstrated 
many of the weaknesses of specialised research. Tliis account of the sym¬ 
posium consists of the text of tho 20 papers read and some of tho discussion. 
On the whole the oonforence compares somewliat unfavourably with that 
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of the Faraday Society in 1938, in the main owing to ooncontraiion during 
the war on technical probloinn such as the application of luminescent materials 
to radar screens and infra-red detection. The difficulty in developing 
successful fundamental research in such a field as luminescence in solids 
is largely due to lack of broad scientific perspective. The complicated nature 
of the phenomena makes it difficult for a theoretician to select significant 
experimental data cuid the ex{>erimontalist, who alone appreciates the signi¬ 
ficance of the m€«iy minor technical details, is often imable to connect them 
usefully with theoretical ideas. Progress in a confused and complicated 
subject such as electronic processes in solids is made largely hy efforts to 
integrate the subject phenomenologically by varying significeuitly many 
variables in experiments. The classic researches of Pohl, Hilsch, etc., on 
conduction in alkali halides is work of this sort. At the other extreme we 
have those workers in the field of luminescent solids who continue to accu¬ 
mulate unrepresentative experimental data and attempt to make it fit 
mathematical relatiunshijjs. 

The first five pa|K*r8 in the symposium deal with the production of phos¬ 
phors imder industrial conditions, the products Ix^ing of vf»ry high purity 
and producer! in a carefully controlled way which is not always possible 
in more academic laboratories. It is only by such methods that really 
reproducible materials con bo obtained and the requirement that experi¬ 
ments are capable of ropiotition can bo satisfied. The demand also for 
materials with a wide range of special qualities has rosultcHi, after much 
effort, in a large munber of now phosphors of special type being produced. 
The availability of these phosphors often makes possible experiments of a 
fimdamental nature which wore previously impracticable. Thus the applica¬ 
tion of luminescence benefits fundamental research, but the discussion at 
the conference shows clearly that it is realised also that research is hindered 
by preoccupation with certain materials of practical importance, but which 
are not amenable to fundamental analysis, and with phenomena which are 
not capable of interpretation. It is interesting to note that the work of 
Pohl and his school Ix^gau on the well-loiown ainc sulphide phosphors, but 
obtained the greatest success when attention was cunoentrat^ on the more 
convenient synthetic alkali halide crystals, which were then of no practical 
importance but which, after <levelopmont by Pohl, have later b<^ome of 
considerable technical importance. 

The symposium includes several interesting papers describing war work 
on phosphors for use as infra-red detectors, and the early work on infra-red 
projierties of phosphors has now boon added to considerably. Though 
absorption tmd excitation properties of phosphors have been studied, infra¬ 
red emission is still neglected. Comparable widening of interest in the 
properties of phosx>hors has been cau8<^ lately by the demand, for medical 
purposes, of phosphors emitting ultra-violet light. 

It is clear from the symposium that the breadth of approach to lumin- 
esoenoe in solids is widening. X-ray difiractiou is now a standard method for 
studying structure and good quantitative sjjectroscopy is now in general 
use. New methods involving study of magnetic susceptibility, polarisation 
of luminescence, etc., wore discussed. Since the symposium, development 
of scintillation counters for nuclear particles has brought a now set of workers 
with now methods into tlie field. Also one can expect the electron microscope 
and radioactive traoors to give useful information about the formation of 
micro-crystalline phosphors by solid reaction. It was clearly realised at the 
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oonferencH) that ono of the main weaknesses of the subject was lack of under¬ 
standing of how phosphors are produced. While it has boon usual for semi¬ 
conductors to be produced under conditions which were \mderstood and 
which wore known to produce stoichiometric deviations, comparable experi¬ 
ments on phosphors were lacking though workers had much recourse to 
the idea of stoichiometric defect or excess. 

There was also a feeling that, in order to obtain quantitative absorption 
data, etc., on phosphors, alkali halide type phosphors with large crystal 
size should be used. Unfortunately most phosphors have absorption coeffi¬ 
cients too high to be measured in macroscopic crystals. During the last 
year microspoctrographic methods, which have been used by biologists for 
many years, have been applied by the Leningrad school to ordinary micro- 
crystalline phosphors. Quantitative data on absorption curves and co¬ 
efficients, on dichroism and polarisation of liuninesconce can be obt€uned 
on single micro-crystals. Availability of reflecting microscopes in this 
country makes such work relatively simple and procedures of this nature hold 
much promise for the future. 

M. H. F. W. 


Luminescent Materials. By G. F. J. Gabijck. [Pp. viii + 254, with 
127 figures.] (Oxford; at the Clarendon Press, 1949. 21^. net.) 

This monograph supplies a long-felt need for an authoritative and unified 
accoimt of recent advemces made in the study of solid luminescent materials. 
The author, who has himself made notable contributions to the subject, 
has adopted the wholly cK^emic approach in this book. The commercial 
and military uses of luminescent materials are referred to only incidentally, 
and the author concentrates his attention on the physical properties of the 
various classes of phosphors and sots himself the aim of reducing the observed 
phenomena to simple interpretation in terms of idealised models. In this 
attempt he exhibits a well-balonood judgment among the complex evidence 
and conflicting views of other investigators, but, as he is forced to admit, 
there remain many gaps to bo filled before a clear picture is to be obtained. 
The following fundamental questions still remain incompletely answered for 
common phosphors ; (a) the precise nature of the emission centre, (b) whether 
the activator is in solid solution or in interstitial x^ositions in the crystal, 
(c) the variation of emission efficiency with excitation intensity, (d) the 
nature of electron traps, their relation to the omission centres, and the 
reasons for their distributions in depth, and (e) the effect of secondary acti¬ 
vators in releasing stored luminescence under the influence of infra-red light. 
It is not improbable that newer concepts on imperfections and dislocations 
in crystals may lead to solutions of those problems, and ultimately enable 
one to interpret the phenomena of luminescence by reference to atomic 
positions in the solid. 

The book is ono of a serios of Monographs on the Physics and Chemistry 
of Matoriala issued by the Clarendon Press, and fully maintains the high 
standards of the University Press in content and in production. 

B. J. B. 
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A New Notation and Enumeration Syatem lor Organic Compounds. 

By G. Maixolm Dyson, M.A., D.So., Ph.D., F.R.I.C. Second edition. 
[Pp. X 138.] (London, New York, Toronto ; Longmcuis, Green 
& Co., 1949. lOd. 6d. net.) 


The first edition of this monograph (1947) has now been subject to almost 
international consideration and criticism. The main changes have arisen 
from consultations between the author and American chemists in connection 
with ring-systems, for example, in relation to the Patterson Ring-Index. A 
fundamental re-ordering of some symbols has also been made, 4, 504 for 
example becoming C.. 4.6 this change facilitating subsequent mechanical 
ox>erationa, including indexing. It is interesting to find that a scheme 
originally so complete in itself can be improved by constructive criticism from 
enthusiasts in nomenclatiure. A lesser scheme might well have been unable 
to assimilate change. Dr. Dyson is to be congratulated. 

E. E. Tubner. 


Bcent Advances In Analytical Chemistry. Edited by R. E. Burk 
and O. Orummitt. Frontiers in Chemistry, Vol. VII. [Pp. xii -f 209, 
with 93 figures.] (New York and London : Interscience Publishers, 


Inc., 1949. 36«. net.) 


The practitioner in any branch of science has difficulty in keeping pace with 
modem developments. This is particularly tme of the anal 3 rtical chemist, 
who finds it necessary nowadays to bo prepared to adopt methods once 
regarded as tools exclusive to the physicist or biologist. Without them he 
cannot obtain information supplemental to that obtained by chemical methods 
and necessary for elucidation of his problems. Even in the strictly chemical 
field no one can be a pure inorganic or pure organic chemist and yet bo up 
to date. For those reasons any book on recent advances in analytical 
procedure is welcome as it enables the practitioner to see how the newer 
methods can bo adopted to his particular needs. 

The present volume is restricted to those newer advances which apply 
physico-chemical and chemical methods. The material was first given in a 
lecture series held at Western Reserve University and hence has the advan¬ 
tages and the disadvantages of subjects prepared for a particular audience. 
The essential theory is outlined and particular applications given ; but all 
the important developments cannot be included. This is not serious, as the 
interested reader can grasp the potentialities of each method, and if his 
curiosity is sufficiently aroused he will be able to find references to the 
omissions and details of euiy specialised techniques. 

The subjects covered, with their authors, are Polfirography and Ampero* 
metric Titrations (Kolthoff), Inorganic Analysis with Organic Reagents 
(Yoo), Recent Colorimetric and Gravimetric Organic Reagents (Yoe), Infra¬ 
red Si>ectro8Copy (Boeck), Electron Microscopy and Microanalysis (Hillier), 
Fractionation, Analysis and Purification of Hydrocarbons (Rossini) and the 
Mass Spectrometer (Hippie). 

No one can be really expert in all the fields mentioned. But every 
analytical chemist should be aware of what is being developed and should 
know enough of the scope of particular methods to determine when they are 
worth considering for any imusual problem. Lest the cost of some of the 
equipment be regarded as too high, it is worth quoting one of the authors who 
says ** these methods are of a fundamental nature and can afford to bo used 

M 
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ottly upon materiolB the value of which is such as to warrant the cost of 
research examination. Once the composition of an unknown mixture . . . 
is disclosed by the fundamental investigations, moro rapid and leas costly 
methods can usually be devised for the routine examination of other samples 
of similar material.” 

J. R. Nioholls. 




orpo’s Dictionary of Applied Chemistry. Vol. DC: Oils, 
Fatty—Pituitary Body. Fourth edition. [Pp. xviii -f 671, illus¬ 
trated.] (London, New York, Toronto : Longmans, Green A Oo., 
1940. 80s. net.) 


It is a pleasure to pick up and read this volume of Thorpe at random, con¬ 
taining, as it does, so many topics of general interest. 

The longest article is on Petroleum by Dr. G. Egloff. The figures he 
gives show that in 1944 the United States was producing 64 per cent, of 
the world’s output. His article is exhaustive from the American viewpoint, 
but a feeling is left that a British author would have done more justice to 
our own contributions to the science. 

Fats and fatty oils are dealt with in a monograph by Prof. T. P. Hilditch 
and are therefore authoritative on the chemistry of the subject. The analyt¬ 
ical side is dealt with by Dr. K. A. Williams. The designer of an oil-seed 
extraction plant or of a modem fatty acid still will, however, look in vain 
for much useful infomiation. 

The subject of photography is covered by C. H. Smith and T. H. Jones 
of Kodak in a well-written form and gains from being preceded by Photo¬ 
chemistry by Dr. E. J. Bowen and followed by Photosensitivity of Dyestuffe 
by Drs. E. H. Rodd and £. B. Abbott. The last-named authors point out 
that, despite its technical importance, there is no comprehensive account in 
any text-book on the fading of dyeatufrs, and they certainly make up this 
deficiency. 

The amount of material available on Penicillin is surprising and is well 
written by a team from Glaxo. They stress indirectly the importance of 
close collaboration between the chcmiccd engineer and the bacteriologist if 
economic production is to be ensured. 

Phase Rule is covered in a refreshing article by L. M. Hill of Northwich. 
A now era has been introduced in this subject by showing that, apart from 
using it as a means of classifying information, it can provide a good guide 
for the operation of industrial processes which would otherwise be of a very 
empirical nature. The clarity of expedition has not been well served by the 
method of layout of the text and diagrams—fault which to some extent is 
inherent in the fonnat adopted. 

Order-Disorder Transformations in Alloys by Dr. A. J. Bradley deals with 
the effect of statistical or of regular distribution of atoms in alloy lattice 
structure. Tlie subject has very interesting possibilities and presumably 
has been fitted in here because it is a recent development but will, in future, 
be dealt with under Alloys. 

The article on Papermaking is adequate, but docs not come up to the 
high standards of the others. It contains no references which might enable 
those interested in the subject to follow up the necessarily brief information 
in the space available. The two pictures of rag boilers serve little useful 
purpose and would be of no assistance to a designer. 
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Prof. H. T. S. Britton oontributo«i on both “ pn ” and Oxidation-Roduction 
Potentials. He draws attention to the anomalies which are creeping in owing 
to the adoption of either the classical Arrhenius theory or activity concepts. 
Information on the Parachor is summarised by Prof. S. Sugden. 

Other articles include Pigments and Paints, Post Control, Perfumes, 
Oveipotentiol and Passivity, Oxidiadng Enzymes, Opium, Osmosis, Particle 
Biz/d Measurement, etc. In fact, something for every taste and all well 
worth reading. M. B. Donald. 


Ssrntlietic Perfumes. By T. F. West, D.Sc., Ph.D., A.M.I.Chem.E., 
F.R.I.C., H. J. Strausz, Dr.Phil., M.A.. F.R.I.C., and D. H. R. 
Babton, Ph.D., D.LC., F.R.I.C. [Pp. viii + 380.] (London : Edward 
Arnold & Co., 1949. 70s. net.) 


Mxxtttbjbs of synthetic chemicals alone are invariably lacking in certain 
desirable odorous properties, which can only be provided by the addition 
of small amounts of natural perfumes. This observation, combined with 
the unsolved scientific problems connected with the blending, mat\iring and 
fixation of perfumes and the possible relationshij^i between contribution cuad 
odour, illustrates that the production of a synthetic perfume is very largely 
an art at the present day. Synthetic Perfumes renders valuable sorviee in 
drawing attention to these problems, but it regards a more detailed descrip¬ 
tion of perfumery as being beyond the scope of the present work, which, as 
stated in the preface, is written primarily from tlie organic chemical point of 
view. 

The book contains on excellent account of the motliods available for the 
preparation of the main hydrocarbons, alcohols, aldehydes, ketones, lactones, 
ethers, esters, phenols, acetals, emd nitrogenous compounds employed in the 
perfume industry. The treatment is full and up-to-date, mmicrous roferonoes 
are included, the print and formulaj are clear, and a useful list of trade names 
of perfumery materials, with their constitution and odoiu* characteristics, is 
appended. The text is accurate and free from serious errors, and, whilst the 
work will be most \iseful to perfume technologists on account of the valuable 
collection of chemical and physical information of perfumery materials, other 
students will discover much of interest in connection with the odorous 
properties of the substances describod. 

The price of 70s, is, however, extremely severe for a work of 380 pages. 


/ 


R. D. H. 




ionomers. Edited by E. R. Blout, W. P. Hohbnstein and H. Mark. 
[Pp. 374 (loose-leaf), with numerous figures.] (New York and London : 
Intersoienoe Publishers, Inc., 1949. 60». net.) 


This is a very useful ** collection of data and procedures on the basic materials 
for the 83 mthesis of fibres, plastics and rubbers,” and consists of eight sections 
by experts on the following substances : Acrylonitrile, butadiene, Mobutylene, 
tsopr^tie, methyl methacrylate, styrene, vinyl acetate and vinyl chloride. 
The scheme of treatment for each of these compounds is as follows : Intro¬ 
duction, production (laboratory and large-scale), analysis, physical constants, 
ohemical reactions, and polymerisation, ample references being provided. 
The treatment is clear and concise and the volume will be of value not only 
to those chemists concerned with polymers, but also to all those interested 
in Uie “monomeni.” E. £. Tuknbb. 
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Metallic Craep and Creep Reeiatant AUosra. By A. H. Stilly, 
M.So., Ph.D. [Pp. xii + 278, with 188 figures.] (London : Butter- 
worth’s Soiontifio Publications, 1949. 25s. net.) 

Th& introduction of the gas turbine engine has stimulated great interest in the 
development of alloys capable of withstanding high stresses for prolonged 
periods at high temperatures. So far, the main demand has come from the 
aircraft industry. Very far-reaching applications in other directions are to 
be expected however, because, if the working temperatures of engines can be 
increased, it will be possible to convert fuel into power more efficiently. As 
Dr. Allen says m his foreword to the book under review, ** it is the possibilities 
in this direction that appeal to the imeigination. ... A large improvement 
in the avercige efficiency of power production would be as important as the 
discovery of several major coal or oil fields.” 

The importance of metallic creep is thus obvious. In his excellent and 
timely book on this subject. Dr. Sully gives a well-balanced survey of both 
the scientific and practical aspects. Chapters are included on the measure¬ 
ment of creep, on the characteristics of creep curves and on metcJlurgical 
factors affecting creep. Physical theories of creep are explained in some 
detail, including the recent dislocation theories. While admiring Dr. Sully’s 
up-to-date account of the theoretical work, the reviewer was a little sorry 
to see the old recovery theory of creep treated rather summarily. Surely the 
idea that recovery can balance strain hardening and thereby make the creep 
rate constant is too sound to be relegated to the home for aged theories T 

The siirvey of the creep properties of various alloys, in the final chapters, 
will be very useful to those concerned with developing creep-resistant 
materials, as it collects together much of the enormous amount of recent 
work in this field. It should also bo studied by all who are working on the 
physics of creep ; specimens containing ten alloying elements, and extending 
only a few atomic spacings per hour, suggest creep problems rather remote 
firom those usually considered by academic investigators to-day, problems 
which may need a now theoretical approach. 

A. H. COTTRICLL. 


The Practice of Research in the Chemical Industries. By R. H, 

Griffith. [Pp. viii -f 184.] (London: Oxford University Press, 

1949. 12s. 6d. net.) 

Rboardxko the importance of continuous organised research in industry 
there is but one opinion, but there is still room for much discussion and 
diversity of opinion on tho organisation and administration of such research. 
American technical journals in particular reveal the intense interest prevailing 
in the U.S.A., giving much space to discussions on the technique of research 
management and on related topics. Large-scale industrial research is still 
so novel, scarcely covering the average industrial life of one man, that it is 
itself scarcely out of the experimental stage. Mr. Griffith’s book should 
attract many readers amongst those whose task it is to direct research, on 
however large or small a scale, and it can be recommended also to be read by 
the youngest recruit to industrial research, who ccumot too soon begin to 
undmtand tho relation of his modest part to the whole undertaking. The 
author, drawing largely on his own experience, is mainly concerned with the 
conduct of industrial chemical research on a considerable scale, considering 
that on efficient research department requires a minimum of some twenty 
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aoientifio staff and an expenditure of not less than £40,000 per annum, besides 
having at call a staff of engineers. It must be remembered, however, that 
there are a large number of smaller Arms which have, or might have, more 
modest but quite suooessful research departments. A conference in Man¬ 
chester in 1948, organised by the Manchester Joint Research Council, gave 
them an opportunity to ventilate some of their problems. (Their needs are 
not entirely met by the Research Associations, the functions of which are 
dealt with by Dr. D. W. Hill of the Shirley Institute in a book quoted by Mr. 
Griffith.) An essay could be written on any one of Mr. Griffith’s highly con¬ 
densed chapters, which discuss such widely different topics as the functions 
of the reseeurch department and its relation to other departments; the choice 
of staff and their treatment; the literature and the library ; and the choice 
and definition of research prog^mmes, passing on to the very practical topics 
of the design of the laboratory and the technique of research from the small 
scale, through the pilot plant to full scale development. A chapter on 
“ operational research ” deals with the function of the research department in 
chocking performance in current processes. Though much of the subject 
matter is fairly common knowledge, and Mr. Griffith modestly disclaims any 
novelty in what he writes, most readers should find in it something they 
have forgotten or some point of view worth their attention. The book is 
well printed and a pleasure to read. 

E. H. R. 


GEOLOGY 

The Middle Silurian Rocks of North Wales. By P. G. H. Boswsix, 
A.R.C.S., D.Sc., F.R.S. [Pp. xvi -f 448, with 25 plates and 107 
text-fig\u*e8 and folders.] (London : Edward Arnold & Co., 1949. 
80tf. net.) 

Geologically, North Wales is still in part terra incognita. Ramsay’s original 
memoir of the work of the Geological Survey during the latter half of the 
nineteenth century, The Geology of North Walea^ continues to remain for 
considerable areas the only published information on the stratigraphy and 
structuro of the Lower Palasozoic rocks : and in its 330 pages only five pages 
are devoted, as Prof. Boswell points out, to the “ Middle and Upper Silurian 
rocks.” It is Prof. Boswell’s purpose, admirably fulfilled, to extend and fill 
out the work of the primary survey—^in a sense to provide a supplement to 
Ramsay’s great volume—on the Silurian coimtry east of the River Conway 
and north of the River Dee. Himself the author or joint-author of sixteen 
publications on the area during the past quarter-century. Prof. Boswell 
now presents us with a conspoctive account of the rocks of Wenlock and 
Ludlow age which crop out extensively in the Denbighshire uplands and the 
Clwydian hills. 

His book is essentially a compendium and a book of reference. In it 
he amplifies and elaborates the several accounts earlier given by himself 
and his colleagues in a number of scattered papers ; and with a wealth of 
added detail welds them into a coherent unity that idlows him to make 
illuminating generalisations on stratigraphy and structure. Less important 
sections include comments on the superficial deposits, the economic resources, 
and the water supply of the area. 

Most of Part 1, occupying about a third of the book, contains very fiill 
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deioriptions of the general stratigraphy of the area, of the Uthologioal and 
palaaontologioal oharaoters of the successive aones, and of the palceogeogra- 
pbical deductions to be drawn from changes in rook^ypes and from lateral 
variations in the stratigraphioal succession. The general picture emerging 
is that of deposition of shallow-water marine sediments—^muds, silts, and 
sands—accumulating in places to a thickness of about 7000 ft. in a region 
undergoing pulsatory subsidence. There are indications of the proximity 
of a land-mass towards the north-west; and some of the sediments may 
provide evidence of a contemporeury arid climate cmd of climatic oscillations. 

The chapter on structure is on expression of the author’s views on mapping 
techni(}ue. He makes clear how difficult it is to determine marker horizons 
in rocks which in zonal succession never show strong contrasts, especially 
when any one zone may display notable variations in lithology in compara¬ 
tively short distances. The use of graptolitee for zonal dia^osis is then 
important, and the interpretation of structure offered cM^knowledges that fact. 
The differing views put forward by O. T. Jones are dismissed rather lightly ; 
and the reader might have expected a synthesis of those elements of slump 
tectonics which Prof. Boswell is prepared to accept and the more orthodox 
structures which he mostly favours. In x)artioular, some of Jones’s maps 
might have been reproduced, if only as matter for criticism. In the inter¬ 
pretation of the fault pattern, the author discusses the possible effects of 
torsion and of shear—^while stressing the speculative nature of many faults 
that are surmised to exist in country displaying few outcrops and fewer 
contacts. He describes the paradox of the Clwydian hills—a horst with 
synclinal internal structure. 

The remaining two-thirds of the book, forming Part II, is a detailed 
account of the geology of tho different districts within the region covered. 
Almost every outcrop is referred to, and tho mass of information is a measure 
of tho extreme thoroughness and persistence with which Prof. Boswell has 
carried out his work. As a result, this particular area of North Wales is now 
as completely known as any area in Britain ; and Prof. Boswell has provided 
an invaluable and minutely documented guide for the use of the visiting 
geologist, the regional planner, and the civil engineer. 

Tho plates of photographs, which include some of great scenic beauty, 
materially contribute to an understanding of the text; but they vary greatly 
in quality and much of their value is too often lost by mediocre photography— 
some are quite out of focus, and aro a blemish on tho book. 

It is a pity tho price of the book will put it out of the roach of a great many 
people, especially students, who would otherwise wish to have it on their 
shelves. The high cost must partly bo put down to the many maps included 
as folding plates. In themselves the maps aro highly informative, and are 
a very necessary and valuable part of the book’s contents : they aro also 
well drawn and clear, and contribute to the intrinsic quality of the book. 
But most of them could without notable loss of detail have bcion appreciably 
reduced in scale ; and many of them, necurly a half, could then have fitted 
into a page with consequent saving on folders. The maps show a wide range 
of scales : in those drawn to scales of 4 in. to 1 mile and \mder, no less than 
thirteen different scales are employed: this makes the fitting together of 
maps of neighbouring areas very inconvenient, especially as some of tho scales 
have the awkward ratios of f in., in., and 1} in. to 1 mile. Many of the 
maps are taken unchanged from sundry incidental publications : Prof. 
BoeweH’s own synthesis of the several maps of other workers would have been 
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welcome, and might well have boon included aa a general geologiodl map of 
the area—of which there is a lack. 

It is graceless to ovor-emphasise comparatively minor defects. The 
book is, and will remain for many years, the standard work on the area ; and 
whatever future discoveries may be made will find themselves sot in the 
eomprehonsive framework created by Prof. Boswell, He has written the 
book with obvious pleasure; and thoro runs through it a tone of personal 
delight and excitement that must echo his feelings as a geologist in the 
field, and that makes it a book as stimulating for the neophyte as it is infor¬ 
mative for the professional. It is strongly to bo recommended, and should 
be in every geologist's library. 

T. N. O. 

Outline of Historical Geology. By A. K. Wells, D.Sc. Second 
edition, revised with the assistance of J. F. Kiukaldy, D.Sc. 
[Pp. xvi -f 366, with 2 plates and 124 figures.] (London : Thomas 
Murby & Co., 1948. 26s. not.) 

This book was originally written to provide the intelligent citizen and the 
student beginning a course in geology with an account of the subject that 
should stress its historical and cultural sides. To this end the book was 
written as a continuous narrative, and technical terms were eschewed as 
far as was possible. 

In the present edition these aims are still prominent, but the scope of tho 
book has been enlarged so as to make it suitable for students rowing for 
Degrees. Tho philosophical rather than the factual aspects of stratigraphy 
have been emphasised, and a number of typical stratigraphical problems have 
been discussed. 

The principal criticism that may bo offered is that the Pre-Cambrian, 
which occupies at least two-thirds of geological time, is only cursorily treated 
in a short chapter, on the ground that its rocks contain no fossils and it is 
therefore unsuitable for illustrating the principles of historical geology. From 
this dubious standpoint the Pro-Cambrian is merely the huge foundation ^n 
wliich tho Cambrian and later fossiliferous formations rest. Consequently a 
brief and perfunctory account is inserted as Chap. VI after tho treatment of 
tho Calodonicm Revolution. In tho reviewer’s opinion this procediu^ impairs 
tho clarity of tho story, which is otherwise simply and brilliantly told. Sum¬ 
marily dismissmg two-thirds of the geological story, and treating it in this 
sequence, is like beginning English history in b.o. 66, and inserting an account 
of Pre-Roman times after the Norman Conquest. Tho book would gain in 
perspicuity by restoring the Pre-Cambrian chapter to its rightful place at tho 
beginning of the story. 

A short list of selected references for further reading is appended to most 
chapters. The stylo, illustrations, and index are excellent. The book is 
suitable, not only for the University student, but aho for students who attend 
W.E.A. and other adult classes in geology. The authors have shown that 
what is often a “ drcich ” subject (to use an expressive Scotticism) in the 
classroom can be made into one of tho most fascinating chapters of geology. 

G. W. T. 
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Physical Geology. By Ohbstbb R. Lonowbll, Adolph Kkopf, and 
Rigbabd F. Flint. Third edition. [Pp. xviii + 602» with frontis¬ 
piece and 365 figures.] (New York: John Wiley Sc Sons, Ino.; 
London: Chapman Sc Ltd., 1048. 40s. net.) 

Thb first edition of this work (1032) was reviewed in Soibnob Pboorbss, 
XXVm, 1034, 656. The second edition (1030) 6ecax>od review because of 
the war-time stoppage of publication of this journal. In the present edition 
a new unit. Chapter II, on “ The Method and Scope of Geologic Study,** 
has been added, the entire text has been critically reviewed, sections of many 
chapters have been reorganised and recast, and new concepts and data have 
been incorporated into the text. A number of topics relating to crustal 
movement have been relegated to the new chapter, e.g, isostatic balance of 
the earth's crust in relation to deformation, continents and ecurth movements, 
and the inter-relations between external and internal forces. A special word 
of praise must be accorded to the magnificent illustrations, which are largely 
new. 

This book inevitably challenges comparison with A. Holmes’s recent 
Principles of Physical Geology^ on this side of the Atlantic at least. The two 
texts cover much the same field of study, both are very finely illustrated, 
and are written in such a way as to compel (as we think) the absorbed atten¬ 
tion of serious students. But in Holmes there is a somewhat more pro¬ 
nounced emphasis on the results of the internal forces of the earth. In 
the work under review the authors do not go as deeply as Holmes into 
internal forces, and pay more detailed attention to the modelling of the earth’s 
surface by external forces. The student will have considerable difficulty in 
choosing between two excellent works, if he has to make a choice. 

Notwithstanding the explanation advanced on the dust cover of the 
book, we still fail to appreciate the reasons for the three appendices on 
Minerals, Rocks, and Topographic Maps, which are really not much more 
than glossaries. Surely these subjects ore treated more fully in separate 
texts for the purposes of first-year classes in American colleges ? 

G. W. T. 


The Geology of Water Supply. By Sm Cyril S. Fox, D.Sc., M.I.Min.B., 
F.G.S. [Pp. X -f 209, with 15 plates and 49 figures.] (London : The 
Technical Press, Ltd., 1949. 25^. net.) 

Thb author has here given us a most readable account of some of the aspects 
of water supply (and of many other matters), abounding in quotations, a 
number of which are lengthy and historical. His book will doubtless interest 
particularly those who are acquainted with India and the Middle Eas^. The 
bearing of much of the information on the practical questions of water supply 
is not always discernible, and Sir Cyril Fox seems to have been rather out of 
touch with modem waterworks practice and the many different types of 
problems in which geological aid is now sought. Whilst the somewhat 
idealised treatment of the geology of impounding reservoirs, shefilow wells 
and irrigation will continue to be of value as exemplifying geological principles, 
the hydrogeologist or water engineer in the larger communities of the 
English-speaking world will find little up-to-date information on other 
aspects of the subject, and some tends to be rather misleading. Most of the 
references to literature date from long ago: excepting that to F. Dixey’s 
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book (1931), tho latest publication on water supply referred to is dated 
1924. 

The volume is illustrated by many beautiful photographs, all apparently 
from India. P. G. H. Boswell. 

90TANY 

^ Fungi and Plant Disease. By B. B. Mundkur, M.A., Ph.D., F.N.I. 
[Pp. X + 246, with 130 figures.] (London : Maomillan A Co., Ltd., 
1949. 16s. net.) 

In such subjects as Chemistry and Physics there is no inherent reason why 
text-books written in Britain should not be as suitable for Indian students 
as for British. The material of Physics and Chemistry is universal. But 
in Botany, although the principles of the subject hold good tho world over, 
the material used in their illustration must vary from place to place, since 
the flora of one part of the world may be quite different from that of another. 
It is, therefore, very necessary that each major country should have its 
own botanical text-books based on the native flora. Dr.* Mundkur*s book 
should, in consequence, be a most valuable addition to the books used by 
Indian students studying mycology and plant pathology in the Universities 
and Agricultural Colleges. 

The plan of the book is clear and logiofd. A first oliapter on morphology 
and, reproduction in fiingi introduces the principal terms used in mycology. 
Chapters follow on physiology of fungi, types of disease caused by fungal 
pathogens, methods of phytopathological investigation, and mycological 
nomenclature. Then each major group of fungi is considered separately— 
a general discussion of morphology and taxonomy being followed by excellent 
descriptions of diseases of importance in India caused by pathogens belonging 
to the group. Finally, there are brief chapters on bacteria as plant pathogens, 
virus diseases, and methods of disease control. 

Naturally there are a niimber of points that call for criticism. We read 
that “ the osmotic value of fungal cells is higher than that of the host cells, 
so that they are able to absorb food from them easily *’—which is physio¬ 
logically absurd. Miicor hiemalia is given as an example of a homothallic 
mould, and we are told that PaaUiota campestria (the mushroom) is “ tho 
most highly organized fungus in Eumycetes ”—a veritable Homo aapiena of 
the Fungal Kingdom ! But the book as a whole is distinctly good and easy 
to road, since the style is simple and direct. For the most part the illustra¬ 
tions are of high quality, but Fig. 102, a diagram of hetorothallism in a rust, 
is very misleading. 

Dr. Mundkur's book should become a standard work in India and the 
small blemishes can be removed in later editions, but it is essentially a text¬ 
book for the Indian student and would be of little value to mycological 
students in Britain. C. T. Inqold. 

The Periodic Partial Failures of American Cottons ; their Causes 

and Remedies. By R. H. Dastub. Second edition. [Pp. xii 
-f 172, with 30 figiupets.] (Bombay ; Indian Central Cotton Com¬ 
mittee, 1949. Rs.6.-.) 

Amebioan cotton in various parts of Pakistan and India has been liable 
to give occasional poor crops on account of two physiological diseases. Their 
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nature and suitable remedial measures are fblly described in this monograph 
by Prof. R. H. Dastur. Even those not directly interested in cotton will 
find the aoootmt provides ample illustration of the difficulties inherent in 
investigating crop failures caused by physiological disorders. 

The main portion, covering the scope of the first edition, describes the 
disease known as tirak which in the Pimjab has sometimes caused yields 
to be as low as a quarter of the normal level. Typical symptoms are dis¬ 
coloration of the leaves and early defoliation, premattire opening of bolls 
with immature seeds and low fibro quality. Detailed studies led to the 
conclusion that tirak arises when the growth phases of the crop arc physio¬ 
logically imbalanced, when vegetative growth is in excess of that produced 
in the form of bolls. Tirak may occur on two particular soil types, light 
sandy soils deficient in nitrogen and soils containing free sodium salts or 
sodium clay in the subsoil. In both instances low potash content is the 
source of the trouble. On light sandy soils the uptake of potash is reduced 
by shortage of nitrogen ; on saline subsoils physiological drought interferes 
with the normal uptake of nutrient minerals. The application of nitro¬ 
genous fertilisers at an appropriate stage of plant growth successfully prevents 
tirak caused by nitrogen starvation, whilst on saline subsoils extra irrigation 
from flowering time enables the top soil to meet the water requirements. 
In both instances, however, the simple remedy of late sowing effectively 
reduces tirak because the plant is able to function with loss nitrogen or 
meet its own water requirements. The reduced yield from the smaller 
plants of late sowings was successfitlly counterbalanced by closer spacing. 
Subsequent work in the Sind indicated the same causes and remedy for 
“ bad opening ** of cotton bolls as previously foimd in the Punjab. 

The second edition also includes the results of investigations into tho 
more prevalent of two forms of red leaf disease, another instance where 
the interaction of a soil factor and a climatic fc^tor produces a physiological 
disease. Remedial measures for lessening the intensity and spread Were 
successfully formulated. 

E. Lord. 


ZOOLOGY 

The Claeeiflcation of Animals. By W. T. Calman, C.B., D.Sc., 
LL.D., F.R.S. [Pp. viii -f 54.] (London: Methuen A Co., Ltd., 
1949. 4s. 6d. net.) 

This little book is subtitled An Introduction to Zoological Taxonomy,” 
and tho name of its author is a sufficient indication that it is authoritative 
in its field. But to read it is to be disappointed. It is, indeed, faithful 
to its title so long as tho reader believes that a true introduction to a branch 
of science is to be found in a statement of facts and conventions that have 
gained tho respectability of long usage. Dr. Caiman seems to take the view 
that to discuss also those problems that are in the front lino of taxonomic 
studies is to confuse the reader. This is all the more disappointing since 
we ore accustomed to find in the series of Monographs on Biological Subjects, 
to which this is the latest addition, works which fulfil the publishers’ promise. 
This is that they shall be ” authoritative accounts of the present state of 
knowledge in various departments of Biology ” and books in which ” the 
general reader with a taste for biology will be able to follow the most recent 
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develofnneiita in the various branohee of the soienoe.’* It is to be hoped 
that the Ekiitors of the series have not changed their policy. 

The reader will find here, clearly stated and concisely, all those facts 
which he should assimilate before he begins to think about taxonomy. But 
there is no guidance as to how he should think. Thus, at the end of a para¬ 
graph on ** dines the author writes ; Here again, while dines are impor¬ 
tant objects of study, not to bo overlooked by the systematist, nothing 
would gained by attempting to incorporate them into the classification 
or nomenclature in which it is expressed.** This is very true, but its com¬ 
placency might be seriously misleading to a reader who had no other know¬ 
ledge of the hidden problems involved. We must look forward to a volume 
in which Dr. Caiman will allow himself to pursue the problems that he felt 
obliged to exclude from the narrow limits of the present work. 

^ W. H. 

^On Indian Inaact Types. Edited by Dr. M. B. Mikza. I: External 
and Internal Anatomy of the Buffalo-louse, Hmnatopimis t^ibercuUUus 
Burmeister. By M. A. H. Qadhi, M.Sc., Ph.D. (Alig.), Ph.D. (Cantab.), 
F.R.E.S., F.Z.8. (London). [Pp. x -f 21, with 9 plates.] (India : 
Aligarh Muslim University Publications (Zoological Series), 1948. 
Rs.a.-.) 

Thb Editor proposes to publish a series of monographs on Indian insects, 
which provide an immense range of material of great potential interest. 
There can be no question of the value of such a series. 

The present monograph is the first and deals with a common insect, the 
louse of the buffalo. If, as we suppose, it is intended to be used in part 
by the applied entomologist, it is perhaps to be regretted that the author 
limits himself to anatomy ; after all, it is the living animal and its potential 
multiplication which form the core of a problem in applied biology. 

One might perhaps feel that the student would grasp the subject more 
easily if the author had provided a general figure showing the relation of 
the internal organs to one another. Many of the figures illustrate small 
ffagments and it is not easy oven for the export reader to know just where 
they come in relation to other structures. We feel that the monograph, 
even as'an account of anatomy, is not sufficiently complete. It is not easy 
for the reader to discover how one would distinguish the two sexes : there 
is no mention of the mycetome (which may be supposed to be a conspicuous 
and characteristic organ): we are not told whether eyes are present or 
absent; there is no account of growth or mention of the early instars. 
The author holds original views on the homologies of the mouthparts, but 
in putting them forward does not relate them to what is known of the 
embryology of these structures in other lice. The monograph contains a 
num^r of somewhat unsatisfactory statements, e.g. ** The head is tolerably 
well developed.*’ P. A. Buxton. 

The Philosophy and Practice of Bee-Keeping. By A. L. OBsao, M.A., 
M.D., M.Ch. [Pp. 240, with frontispiece emd 28 figures, including 
10 plates.] (Bee Craft, Ltd., “ Bracken Dene,” Manor W^ay, Petts 
Wood, Kent, 1949. 12^. 0d. net.) 

This book does not attempt to cover the whole art of bee-keeping, but a 
bee-keeper of some experience will derive acute pleasure and great profit 
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from it. Msiay aspects, some carefully avoided by other authors, are dis- 
cussed in a style which shows accurate and patient observation and careful 
deduction. Accepted practice and the author’s few deviations from it are 
explained in a thorough and thought-provoking way, and with an easy wit. 

The reviewer was delighted to find the whole of Dr. Gregg’s celebrated 
lecture on Colony Population with the relevant curves. This analysis 
should become a olmio, and detailed study and clear understanding will 
be of great value to any bee-keeper. The reading of the chapter would 
be mede much easier if the graphs and tables were made extensible outside 
the book and placed at the end. 

It seems a pity that the NOLAN-discredited figure of 3000 eggs per day 
should be used in the chapter on brood-chamber capacity, particularly as 
the accepted figure of 1800 is used in the discussion on Colony Population. 
This discrepancy is very obvious, and should be resolved in the later editions. 
If an allowance be mcde for stores, which can be estimated as about one- 
third of the cell capacity, the same conclusion on brood chamber si^e will 
be reached. 

One would also have liked to see under “ Library ” two books, Herrod 
Hempsall’s Beekeeping New and Old, fiill of still useful knowledge, and 
Golden Throng by Teale, with its wonderful photographs. 

Finally, will not the publishers consider a better paper and binding ? 
The mechanical makeup of this first edition is unworthy of the subject and 
its treatment. 

This book is just what one would have expected from the pen of Dr. 
Gregg, and one can pay book and author no higher compliment. It is a 
most excellent and worthwhile addition to bee-keeping literature. 

E. F. W. 


Bees and Honey. By George A. Carter, B.Sc., A.R.I.C. Third edition. 
[Pp. 115, with 13 plates.] (Bee Craft, Ltd., “ Bracken Dene,” Manor 
Way, Petts Wood, Kent. 5s. 0d. net.) 

This book is small and suffers by reason of its smallness. 

The section on Honey is sound and gives the impression of practical 
knowledge which the part on Bees does not, as several statements are made 
which the author has apparently not checked. For instance, a quoenless 
stock, conditioned to gathering pollen, continues to do so ; in fact, a queen- 
less stock often gathers more than a queenright stock, as stores pile up due 
to brood vanishing. The description of the queenright hiss is quite iimocurate. 
The reaction of a healthy colony to a knock is a short hiss, not a busa, of 
complex composition, but in the 4000- to 5000-oycle region, starting abruptly, 
lasting for ^ to ^ second and ceasing, not varying appreciably in pitch. 
The difficult and impredictable art of queen introduction, covered by Doolittle 
in several chapters of many thousand words and by Snelgrove in a volume, 
is airily dismissed by the author in two pages of 600 words, leaving any 
novice in a most dangerous state of complacency when facing this task. The 
Langstroth hive is, by inference, quoted as a single-brood-chamber, which 
even in this country it is not. Only the M.D. can be so described. 

The compilation is amateurish. More than half of ” Wintering ” is 
devoted to Summer management; Emergency Feeding, an essential part 
of Wintering, is disoussed later: there is more about manipulation under 
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the section on hives than under Manipulation ; the Sulfa treatment is 
not under Diseases, but under Chemioals. 

In a book of 100-odd pages a notebook style would bo permissible, oven 
welcome; redundancy would not. Yet Rothamsted’s opinion on salt in 
water is given twice, and so is the composition of Frow, and the use of candy. 

The last chapter is worthless. A little about von Frisch is mention^ 
earlier, but his 1921-23 work, not the later, which is quite difforent. Surely 
in a chapter on the Bee-Mind von Frisch should have a place. 

E. F. w: 


PHYSIOLOGY, BIOCHEMISTRY AND MEDICINE 

Annual Review of Phyeiology, Vol. XI. Viotob E. Haix, Editor, 
Jettbrson M. Crimson and Arthur 0. Giese, Associate Editors. 
[Pp. X -f 643.] (Stanford, California : Annual Reviews, Inc., and 
the American Physiological Society, 1940. $6.00.) 

In their preface to this volume, the editors remark that “ the problem 
of publishing annually a volume of standard 8i%e purporting to review the 
current developments in physiology, when these are expanding in geometric 
progression, is one requiring continuous adaptation.” This they have achieved 
by omitting certain topics now covered by other reviews, and by “ pleading 
with reviewers ” to consider only papers of noteworthy importance, reducing 
coverage of others to mere listing. Applied ph5n9iology, physiological psycho¬ 
logy and pathological topics will henceforth ^appear, and increased space 
thereby be made available for the conventional subdivisions of physiology. 
That the reviewers have taken the editors’ pleadings to heart is apparent 
when most of the chapters are compared with their predecessors ; but there 
is still a tendency towards what Teorell, in his excellently written article on 
” Permeability,” refers to as ” monotonous recitations of the products of the 
year’s work,” couched moreover in terms intelligible only to the expert 
in that particular field, who will probably not need to bo introduced to the 
year’s advances in his subject. All but three of the twenty-two chapters 
aro of Americeui origin; outstanding contributions come from Phillips 
(Kidney), Moe and Shideman (Pharmacology), Magoun (Somatic functions 
of the nervous system) and the Walters (Electrical activity of the brain). 

R. A. Gregory. 

Conditioned Reflexes and Neuron Organization. By Jerzy 
Konorsei. Translated from the Polish MS. under the author’s 
supervision by Stephen Garry. [Pp. xiv 4- 267, with 18 figures.] 
(Cambridge : at the University Press, 1948. 18«. net.) 

What really happens when a dog salivates in response to the ringing of a 
bell no longer accompanied by food ? Why does the salivation fail after 
several trials without food, and how is it at once restored if some indifferent 
stimulus is combined with the boll 7 Pavlov’s hundredth birthday, which 
falls this year, renews his challenge to come to terms with a great corpus of 
scientific fact and with the theory by which he collected and systematised it. 

Prof. Konorski’s book is doubly helpful. It gives Pavlov’s main results 
and then attempts, with originality and vigour, to bring them into relation 
with modem ideas of the functioning of nerve tissue. The descriptive parts 
make heavy reading because Pavlovian language, although unambiguous, 
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takes time to leam; it tends to obscure the olear-out, simj^ nature of these 
brilliant observations. A chapter on nomenclature is most helpful in drawing 
the threads together. Of Pavlov’s theories it is made clear that they have 
nothing in common with the neurophysiology of to-day, and their internal 
contradictions are exposed with ruthless philosophical technique. Konorski 
then shows that it is possible to re-interpret the actual observations, which 
are of course incontrovertible, in tenns of nerve-cell organisation. In the 
laying-down of conditioned reflexes, and indeed in “ plastic ” phenomena in 
general, now synaptic connections, inhibitory as well as excitatory, are sup¬ 
posed to be formed. Once formed, these now comiections when thrown into 
activity become the seat of those processes of excitation and inhibition which 
have b^n the concern of students of “ lower nervous activity ” from Sherring¬ 
ton onwards. Konorski is careful to confine this approach to conditioned 
reflexes of the first and second types, that is to say, to the simplest manifes¬ 
tations of “ higher nervous activity.” 

But to show that a consistent aoooiuit can be written in neurophysiological 
language still falls short of proving Pavlov’s contention that what he was 
studying was the physiology of the brain and nothing else. It is because 
its discussions pose problems for future experiment that this book is so 
important. Would physiological neuronography, for example, discover new 
morphological oomioctions where stable conditioned reflexes have been 
built T Work still to be done will decide whether conditioned reflexes ore 
really directly linked with energy exchanges in the nervous system, as now 
seems likely, or whether we have merely discovered, in a refined way, tliat 
you cannot fool all the dogs all the time. 

C. G. P. 


Advances in Enzymology and Related Subjects oi Biochemistry. 

Vol. IX. Edited by F. F. Nord. [Pp. x 4-760, with numerous 
figures.] (New York and London: Interscience Publishers, Inc., 
1949. 7U net.) 

The Advances in Enzymology series is so firmly established in biochemical 
literature that no introductory remarks are needed here. The sixe of these 
volumes haa boon steadily increasing in recent years and it is to be hoped 
that the maximum size has now been reached. 

A very wide range of topics is presented, from theoretical discussions of 
biological reactions to industrial biosynthesis. Possibly a reduction in size 
could have been eftected with advantage by omitting the reviews on the 
industrial bios 3 mthesis of fats and on the enzymic activity of frozen vegetable 
tissue ; the latter is concerned chiefly with the practical issues involved in 
food preservation. Excellent as these articles may be in themselves, they 
seem misplaced in a book of this kind. 

The remainder of the volume gives reviews which will be invaluable in 
the formidable task of keeping abreast of the literature on enzymology and 
related subjects. It is impossible to deal individually with each of these 
in the space available, but a few may he mentioned. 

H. £. Street gives a very readable and stimulating account of the nitrogen 
metabolism of higher plants. T. Mann deals with the interesting work done 
recently on the metabolism of semen, while the mechanism of fertilisation in 
metazoa is discussed in an accompanying article by J. Runnstrflm. Hie 
review by F. Schleok on the chemistry and enzymology of nucleic acids gives 
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a comprohensive acoount of this wide field of biochemistry. It mxist be 
pointed out, however, that his account of the enzymic synthesis of glutamine 
on page 497 appears to be completely erroneous. 

The physico •chemical aspects of biochemistry have not been neglected; 
reversible step reactions are briefly discussed by L. Michaelis and those less 
familiar with enzyme kinetics will bo grateful for the article by A. E. Steam; 
this deals particularly with the rather neglected subject of the effect of tem¬ 
perature on biological reactions. The use of photochemical methods of 
biochemistry is fiilly described in an account by D. Mclaren. 

It is difficult to make a general comment on a volume containing such a 
diversity of material. Perhaps the highest recommendation is to say that 
the present voliune is in no way inferior to its prcHlecessors. W. H. E. 


Cold Spring Harbor Sympoaia on Quantitative Biology. Vol. XIII: 

Biological Applications of Tracer Elements. [Pp. xii + 222, 

with 4 plates and numerous figures.] (Cold Spring Harbor, L.I.,* 

N.Y. : The Biological Laboratory, 1948. $7.00.) 

It is impossible to review each of thc^ 25 articles contained in this voliune. 
At first sight it would ap|>ear that tho subjects treated are ooimccted only 
by the common technique whicli has betm employed in their investigation ; 
nevertheless, certain trends in these articles are discernibh^. Most of them 
describe original researches and, while the relations of these to broader aspects 
of tho same problem are discussed, strictly review articles are relatively few. 

Tho quantitative treatment of results obtained in tracer studios is empha¬ 
sised in tho article by H. Branson, who has now doveloi>ed general mathe¬ 
matical equations which can be applied to individual problems, Hevesy, 
the originator of tracer methods, giviis an historical sketch of the develop¬ 
ment of tracer investigations. Apart from Hevesy*s masterly historical 
article, the volume shows present endeavours rather than past achievements. 

Researches on a wide variety of subjects are treated in this volume, but 
whether they r«*late to protein, carbohydrate, fat metabolism or other aspects 
of animate life, the search is always after tho understanding of the fundamental 
reactions leading to the formation and degradation of the substances in 
question. It is not surprising, therefore, that most of the articles deal with 
questions of intermediary metabolism. Such researches naturally involve 
the study of tho formation of the carbon-skeleton of organic oomj)ounds, 
and not less than 10 out of the 25 articles presented at this symposium report 
exix>riment8 with one of the carbon-isotopes. 

Many of the fundamental biochemical reactions in unicellular organisms 
probably do not differ sigmdcantly from those in higher animals ; the study 
of the former has often yielded important information about tho metabolism 
of higher forms of life. -The use of isotopes has intensified and revived such 
studies, a number of which are presented in this volume. In particular 
S. F. Carson discusses experiments as to how micro-organisms can be used 
as model systems to tost certain fundamental types of biochemical reactions. 

The study of CO, fixation in photosynthesis has become really amenable 
to experiment only since the availability of C-isotopes. Drs. Benson and 
Calvin present in their article experiments designed to study the path of 
carbon in photosynthesis. 

Other problems which were discussed at this symposium are : lipid syn¬ 
thesis and fatty acid oxidation <K. Bemhanl, K. Bloch, D. I. Crandall, 
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S. Qurin); purine metabolism (A. Bergstrand et cU., G. B. Brown); amino acid 
and protein metabolism (G. EhrensvUrd, D. M. Greenberg et D. Kitten- 
berg); biosynthesis of porph 3 rrins (D. Shemin); oell-permeability and ion- 
transfer across membranes (L. B. Floxner et al.; J. Sacks ; H. H. Ussing) ; 
the synthesis of glycogen from C-labelled intermediates as an indicator of 
intermediary metabolism (H. G. Wood); cytological effects of radiations 
(T. J. Amason, R. A. Bolomy» N. H. Giles); CO| metabolism in animals and 
radiation hazards from (A. M. Brues» D» L. Buchanan); metabolism of 
Ra, Sr and Ca (W. P. Norris and W. Kisieleski); the use of ^*0 in tracer 
studies (R. Bentley); phosphate metabolism of imicellular organisms (M. D. 
Kamen and S. Spiegolman). 

The names of the authors are familiar to biologists and need no recom¬ 
mendation. One cannot fail to admire the works presented in this symposium. 
There is no doubt that the volume will be a coveted property of research 
workers, both as a reference and €U3 an important document. Tlie time is 
fast approaching when knowledge eioquired with isotopes will not be discussed 
* at special meetings, but will be incorporated into the general realm of science. 

G. PopjAk, 

Biochemical Px*eparatione. Vol. I. Hbrbsbt E. Cabtbb, Editor-in- 
Chief. [Pp. xi + 70.] (New York: John Wiley A Sons, Inc. ; 
London: Chapman A Hall, Ltd., 1949. 20s. net.) 

This book, issued under the segis of advisory and editorial boards of distin¬ 
guished American biochemists, is planned as the first of a series of volumes 
analogous to the well-known Organic Syntheaee, now in its twenty-ninth 
year. The object is to provide authoritative, thoroughly checked methods of 
preparation for substances used in biochemical research, illustrating techniques 
and methods useful both to research workers and to advanced students. 
It is frankly a recipe book, but every laboratory worker will be glad to have 
tried and tmted recipes to work from instead of having to examine critically 
and select from descriptions scattered through the literature. 

The range is indicate by the contents : Adenosine di- and tri-phosphate ; 
L-alaiiine ; L-serine ; azol^nzene-p-sulphonic acid trihydrate ; p-hydroxy- 
azobenzene-p^-sulphonic acid ; 5-nitronaphthalene-l-8u1phonic acid dihydrato ; 
casein ; ^-3:4-dihydroxyphenyl-L-alanine ; diphosphopyridino nucleotide ; 
a-gluoose-l-phosphates; L-glutamine; DL-glyeeraldehyde 3-phosphoric 
acid; lycopene ; L-lysine monohydrochloride ; lysozyme ; D-tyrosine. 
The directions are full of detailed practical ** tips,** perhaps sometimes too 
specific, as when a particular brand of tomato paste is mentioned, and the 
American custom of referring to charcoals and filter-aids by trade marks is 
maintained. The writing is precise and clear, and the technical editing and 
production are of exemplary standard. The field to be covered by future 
volumes is immense ; biochemical laboratories will find the collection of this 
and subsequent voliunes of growing value. R. K. Caixow. 

Modern Discoveries in Medical Psychology. By Cliftobd Aixsar, 
M.D., M.R.C.P., D.P.M. Second edition. [Pp. xii-h 230.] (London: 
Macmillan A Co., Ltd. 1949. 12s. 0d. net.) 

Th 8 substance of this book provided material for a course of lectures on psy¬ 
chological theory delivered under the auspices of the University of London, 
and the approach is therefore essentially pedagogic. 
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Each chapter is devoted to the contribution of one or more workers in 
the field of abnormal psyohology. Mesmer, Janet, Morton Prince, Freud, 
Adler, Jimg, Kretschmer and Pavlov are among those selected for brief life 
histories. The manner in which their discoveries were received is also re¬ 
corded. The writer does not adhoro to a particular school or discipline, but 
gives an impartial description of various viewpoints and theories, and makes 
a deliberate attempt to assess the contribution that each man has made to 
the field of science, confining himself to fair and unprejudiced criticism. 

The structure of consciousness provides the theme of the lectures, in which 
.theory is well and aptly illustrated by examples from everyday life and 
clarified by diagrammatic illustrations. Despite the abstruse subject matter, 
the book contains much factual material, is written in the straightforward 
narrative style of the experienced lecturer, and is remarkably free from 
psychological jargon. It is intended for undergraduate and postgraduate 
medical students, but is not beyond the comprehension of the intelligent 
layman. 

To this second edition, appearing after an interval of twelve years, a 
chapter on physical treatments has been added, but at a time when scientific 
interest is centred on newer physical methods of approach it is well that 
attention should be directed to established principles of jisychopathology. 
For anyone wishing to study the theory and practice of abnormal psychology 
in its historical setting, the book provides a valuable introduction. 

Mubibl Bakton Hai^l. 

PHILOSOPHY AND HISTORY OF SCIENCE 

Gesetz, Xausalit&t und Wahrscheinliclikeit. By Mobitz Sohuck. 
[Pp. 116.] Grundziige der Naturphilosophle. By Mobitz 
ScHLioK. Edited by W. HoiiLiTSOBEB and J. Rauschbb. [I^, 
X + 115,] (Vienna : Gerold & Co., 1948. $1.45 each.) 

The first of those two small volumes appears to be a reprint of the “ Collected 
Essays ’* of Moritz Schlick which wore pxiblished in 1938. It contains five 
articles, written during the decade before the last world war, on philosophical 
problems arising from the development of physics in this century, which 
are already well known to students of this subject. Schlick was one of the 
founders of the Vienna Circle,” in which the philosophy later known as 
” logical positivism *’ first took definite shape, and his writings are likely to 
make a stronger appeal to scientifically-minded readers than are the piurely 
linguistic anal 3 rseB which characterise the later work of this school. He 
wrote very clearly, and the study of the philosophy of science suffered a 
distinct loss when in 1936 he was shot dead by a mad student as he was about 
to deliver the final lecturo of his course in the philosophy of physics at the 
University of Vienna. 

The second volume appears not to have been published before. It is 
printed from notes left by Schlick on which his university lectures were based, 
supplemented by verbatim notes of lectures in 1927 dealing with the relation 
of physics to biology and other matters. Though there is nothing essentially 
new in the book, it is very useful to have the most mature form of Schlick's 
philosophy in so compact a volume. Tho editors are to be thanked for having 
made it available. 

H. D. 

N 
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Grmtik Selanoe : Its Meaning tor Us. IZ : Theophrastus to Galen. 

By Bsnjamin FAitaiNOTOK. Polioan Books No. AIM . [Pp. ISl, 
•vHth 2 figures.] (Harmondsworth: Penguin Books, Ltd., 1249. 

' Is. 0d. net.) 

pBOr. FABRmaTON here completes the survey of Greek science which, in his 
earlier “ Pelican ” on the subject, he brought down to the death of Aristotle. 
Taking up the story anew with Theophrastus, he passes from the expiring 
Lyceum to Alexandria in the golden age of Euclid and Erasistratus, and so 
to the Rome of Pliny and Galen. The growth of the individual sciences is 
briefiy traced, with illustrative extracts translated from the scientific classics 
of the period. The interest of the work is enhanced by the inclusion of 
topics not usually classed as scientific, such as the organisation of scholarship 
cmd the analysis of speech and of music. Another feature is the constant 
reference of developments to the social background of the period covered. 

The main thesis of the book is that Greek science was a product of the 
technical attack upon nature, beginning promisingly enough in the enter¬ 
prising Pre-Socratic societies. The writer maintains that a technique of 
experiment was fully established by Strato in the third century B.O., but that 
its further development was paral 3 ^ed through the growth of slavery. 
Divorced from the manual arts, the leisured thinkers lost all touch with nature, 
and all motive for industrial improvement, their philosophy becoming con¬ 
formed to the political necessities of the slave state. The revival, at the 
Renaissance, of what was at first purely Greek science, and the progress beyond 
it, were conditioned, not merely by the recovery of the ancient scientific 
texts, but also by the technical revolution of the Middle Ages, whereby other 
sotiroes of power were substituted for slave labour. 

Whatever acceptance Prof. Farrington^ philosophy of history may obtain, 
he has unquestionably given us a stimulating interpretation of a process too 
often treated in a superficial and conventional manner. 

The name of Tannery (pp. 79, 93, 138, 180) should be printed without an 
accent. 

A. A. 


MISCELLANEOUS 

Tbm Prahiatory of Southern Rhodeeia : An Account of the Pro- 
greee of Reeearch from 1900 to 1946. By Nkvillb Jonxs. 
Museiun Memoir No. 2, published for the Trustees of the National 
Museum of Southern Rhodesia. [Pp. 78, with 40 figures, frontispiece 
and map.] (Cambridge : at the University Press, 1949. 7s. 6d. net.) 

Amsa his retirement from the Museum, Mr. Neville Jones undertook this 
conspectus with the primary aim of stimtilating research in the Colony. 
The work will also be gratefully received, however, by prehistorians generally, 
especially because of its timely aj^arance before the meeting of the Pan- 
African Congress on Prehistory to be held in South Africa in 1950. 

The author begins with a detailed account of the cultural phases of the 
Early Stone Age, characterised in order of date by pebble-tools of the familiar 
type, and hand-axes of the South African Chellian and Aoheulian types, 
respectively. The Middle Stone Age is exemplified first by the rich BembeH 
phase, with its axes and fiakes of Claotonian and Levalloisian techniques, the 
sudoesexons at Bembesi and other sites being fully described. An account 
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follows of the suooeeding proto-Still Bay, Still Bay and Magosian phases of 
the Upper Palesolithio which bring the Middle Stone Age to a close. Mr. 
Neville Jones considers that the flake industries were developed in situ from 
the earlier industries and were not to be attributed to a new invasion. The 
Late Stone Age is marked, as elsewhere in Africa, by the Wilton phase, 
with its characteristic microlithio and bone tools. The book concludes with 
the story of the curious hand-axes and flake tools (which include rostro>cari- 
nates) of the Ironstone Kopjes : these scorn to bo 8ui generis. 

Throughout the work, geological evidence is fully discussed, and the author 
emphasises the importance of collaboration between prehistorians and 
geologists, paying many tributes to the latter for thoir help. Modesty 
prevented him perhaps from stressing that the benefits arc mutual and that, 
for example, archaeological research has recently led to the solution of a 
long-standing geological problem—that of the age of the widespread Kalahari 
Sand : it has now been proved to lie between the deposits of the two major 
wet episodes of the Plarly Stone Age. 

In the glossary provided for the non-experts, alluvium is given a wide 
connotation (although used in the text in its accepted sense) which, one 
hopes, will not be adopted, but Mr. Neville Jones's use of superposed^ instead 
of the now popular superimposed^ sots a good example. 

P. Q. H. Boswell. 


Topographia. By General db Fontanoes. Collection Armand Colin 
No. 2d2. [Pp. 224, with 46 figures.] (Paris: Librairie Ammnd 
Colin, 1948. Prs. 160.-.) 

“ La topographic,” as defined by General de Fontangos in the opening words 
of this book, is the science of the making and use of maps. As expounded 
in the 219 pages that follow, it could fairly be equatcxl with the principles and 
practice of topographic surveying. The ” use ” of maps must be understood 
in the sense that a conscientious reader will acquire some knowledge of the 
nature and limitations of the principal processes—survey, projection and 
cartographic drawing—that go to the making of maps and be thereby led 
himself to their more intelligent use. Not least ho will gain a knowledge of 
the survey methods used in the production of the chief topographic maps of 
France not readily come by elsewhere. 

The book is divided into two fairly equal halves. The first begins with 
two chapters dealing with hemic definitions, measurements on maps, methods 
of fixing position (grids and co-ordinates), conventional signs and the repre¬ 
sentation of relief, and it may be noted in passing that azimuths are defined 
as angles measured from the meridian and bearings {gisements) as the cor¬ 
responding angles measured from the y-axes in a grid system. A brief sum¬ 
mary of the topographic maps of France and North Africa is included here. 
The remaining chapters of Part I deal with the instnunents and methods that 
will yield useful results in surveys for particular purposes in a country where 
a sufficient number of reference points are available from primary survey. 
Part n considers the problems of primary survey itself, the accumulation of 
error, the nature of the framework (astronomical or geodetic), the ellipsoid 
of reference, the system of map projection, both the classic methods of the 
nineteenth century and groimd and aerial photo-topographic methods receiv¬ 
ing attention. Much ground is covered in few chapters and the General is 
not wrong on page 178 in thinking that the reader, daunted ” par la s^cheresse 
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presque inevitable dee reeumee teohniquee de oe genre,*’ will not have road 
all the preceding paragraphs. Despite the hope he expreaees in his pre£soe, 
this is not an effective introduction to the subject, but a handy summary for 
the student of geography or surveying who already knows something about it. 

D. L. L. 


Oxford Junior Enoydopssdia. General editors: Lauba E. Saijt and 
Gboffrky Boumfhkby. Vol. Ill: The Universe. Edited by 
Jeak K. F. Pbteie. [Pp. xvi -f 496, iUustrated.] (London : Oxford 
University Press, 1949. 30s. net.) 

This, the second published volume of a new enoyclopsedia, deals with 
“phjrsioal laws, astronomy, geology, weather, geography, countries and 
towns.” The attempt to produce an up-to-date and improved Children’s 
Encyclopaodia is wholly praiseworthy, and has been thus far attended with a 
great measure of success. The book is of suitable size ; there are many 
photographs, mostly well reproduced and well selected; the diagrams are 
clear and helpful; the language is intelligible to children. The writing is, 
however, not always vivid or interesting enough. Some of the geographical 
articles show too little imagination, and are rather dull precis of text-book 
information. Thus the article ” Germany ” includes an over-elaborate 
division of the country into regions. A few articles adopt that form of talk¬ 
ing down to children which describes everything as “ fine ” or ” magnificent ” 
and paints a falsely brilliant picture (as, for example, ” Newfoundland ”). 
The article ” England,” while avoiding those faults, fall into some needless 
errors ; e.g. Scafell and Skiddaw are not ” granite hills ” (p. 155), and Suffolk 
does not extend into the Fens (p. 157). 

These criticisms of detail do not apply to the bulk of the book, but more 
importcuat complaints may bo made of the allocation of space within the 
volume. It has clearly not been written for the United States market. 
The British Isles are given about 11 pages, the United States only 4. 
Washington and Winchester get the same amount of space, and Now York 
has barely more than York. 

More serious perhaps is the ccxnffict between subjects. Geography, geology 
and astronomy seem to be well catered for, but the natural expectation 
that a large proportion would be devoted to physics and chemistry is not 
fulfilled. Chemistry, indeed, seems to have been reduced to tho two-page 
article ” Chemistry ” and little else. There arc no entries under Acid or 
Alkali, Element, Carbon or most of the important elements. It is to be hoped 
that this deficiency may be remedied in tho still unpublished volumes, but it is 
difficult from the sub-titles to guess which. 

A. F. M. 


The Wealth of India. A Dictionary of Indian Haw Materials and 
Industrial Products. Vol. I in two parts: Raw Materials 
[pp. xxviii + 254, with 39 plates] and Industrial Products 
[pp. xii f 182, with 8 plates and a number of other illustrations.] 
(New Delhi: The Indian Council of Scientific and Industrial Research, 
1948. 24s. and 12«. Insurance and postage, 8s.) 

Fob many years the DiUtonary of Economic Productc of India, compiled by 
the late Sir George Watt between fifty and sixty years ago, and the abridged 
version under the title of the Commerical Prodtseta of India which he com- 
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pleted ten years later, have been the standard works of reference on the 
products and economic resources of the Indian sub-continent. 

With lapse of time and the ever-quickening tempo of development and 
change they have, however, inevitably become to an extent outmodcxi and 
out of date. On this account, in 1942 the Indian Council of Scientific and 
Industrial Resefuch decided to undertake the formidable task of preparing 
a revised version, which would incorporate the accumulated experience of 
recent years and present a complete piotui'o of the position as it is to-day. 

An Advisory Council a^id an Editorial Committee were set up, the latter 
imder the chairmanship of Dr. S. S. Bhatnagar, F.R.S., and Dr. B. L. Man- 
januth was appointed Editor-in-Chief, with seven sectional sub-committees 
dealing with different aspects and a staff of some thirteen sub-editors and 
technical assistants. 

It was decided that the work should include all economic products and 
raw materials of India, and that it should bo alphabetically arranged on the 
basis of scientific nomenclature. The articles were to be based u|K>n pub¬ 
lished material, and would be concise and fiilly documented ; historical, 
descriptive and purely scientifio sections would be made os brief as possible ; 
while all statistics should be critically examined before acceptance. The 
title chosen was the Wealth of India^ and the completed work would consist 
of six volumes, each consisting of two parts, one dealing with raw materials 
and the other with industrial products. 

The first volume has now bcK^n published ; it deals with subjects falling 
under the initials A-B. It is prefaced by a foreword from Pandit Jawaherlal 
Nehru. 

The encyclopeedic form of treatment within the limits prescribed must 
presumably to some extent restrict the scope of the work, since it is hard to 
sec how it can permit, for example, any account of land policy, land manage¬ 
ment, conservation of resources or the broader aspects of economies, all of 
which profoundly affect the production and utilisation of materials. On the 
other hand, it has the manifest advantage that it facilitates reference to 
information on any product. 

So far as the first part of the first volume, dealing with raw materials, 
is conoemed, let vis say at once that the authors and editors have accomplished 
their task with considerable success. The great majority of the articles ore 
models of concise and authoritative statement, references to original literature 
have been abundantly provided, and there is a welcome absence of the 
excessive detail which appeared in some of the articles in the original work. 

Many of the longer articles are of a high level of excellence; in particular 
those on Arachis, Areca, Bambusa, Borassus and Brassica struck the present 
reviewer as specially good. As a minor point it seemed a pity that the 
article on Arachis contains no discussion of the possibility of mechanical 
methods of handling the crop under Indicui conditions. 

The standard of production of this part is also commendably high ; paper 
and tyx>ography ore above reproach, while the numerous plates, some of 
which are in colour, are admirable both in choice of subjoct and manner of 
reproduotion; a minor blemish is that they do not always face the page 
which they are intended to illustrate. 

The second part of the volume, dealing with industrkJ production, 
although not without merit, hardly reaches the high standard set by its 
companion. Industrial development in India on a large scale is comparatively 
recent, but, although it is possible to ascertain from the volume the present 
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poi^ition in regard to a number of induatriee and products, much space is 
taken up with descriptions of standard modem industrial practices, details 
of which could be obtained from text-books. On the other hand, details 
concoming indigenous manufacturing methods are somewhat scanty. 

Like the companion volume this part contains a number of excellent 
plates, but the typography and general presentation fall somewhat short of 
the high standard set in these respects. From the stemdpoint of uniformity 
it seems unfortunate also that it should be printed on paper of a different 
quality and of a different shade. 

Taken together however the two pe^ts of Vol. I represent a notable achieve¬ 
ment, and if the succeeding volumes maintain this level the work should 
achieve the objects of those responsible for its conception, namely to provide 
a standard work of reference on the economic resources of India. 

It is no reflection on the band of workers who have combined to produce 
it to sound in retrospect a note of admiration and respect for the erudition and 
industry of George Watt, who over fifty years ago compiled, almost single- 
handed, the original dictionary irom which the present work takes its roots. 
When it achieves completion it should rank as a tribute to his memory as 
well as a monument to the work of those who have compiled it. 

H. Tbicpany. 

Baaio Naval Architeoture. By K. C. Barnaby, O.B.E., B.Sc. [Pp. 
339 with 100 figures.] (London : Hutchinson's Scientific and Tech¬ 
nical Publications, 1049. 42«. net.) 

This is a book for the practitioner rather than for the student. The latter 
will probably find it fairly heavy going: There is a scarcity of the diagrams 
which would illustrate some of the more complicated matters in the con¬ 
sideration of stability and trim. Moreover, there appears to be something 
at fault with the sequence in which subjects are treated; the sections are 
numbered, but there are too many references to numbers of sections which 
have not been reached instead of to sections which have been jtaased and can 
be used as reminders. This may be a consequence of the treatment not being 
sufilciently ** basic." The practitioner who is moderately conversant with 
the theoreticid basis of his work will not be concerned with such defects, and 
he will find useful information scattered throughout the book, especially if he 
is concerned with small craft. There is not much guidance for the practi¬ 
tioner who deals with cargo tramps, or the larger types of ship ; Mr. Bamaby^s 
experience lies in other fields. That limitation is indicated by the fact that 
the very importemt business of estimating h\ill weights is treated in 25 lines, 
supplemented by 15 values of the coefficients for weights of hull and net steel 
in relation to the cubic number. There is no indicatiem of the principle which 
should be applied in all estimates of wei^^ts for ships. The principle is that, 
since there must be a considerable amount of guessing, it is better to guess a 
large number of small weights rather than a small number of large weights ; 
by the adoption of the former course the chances of the errors balanoing are 
increased. The problem of launching is treated more fuUy than in earlier 
works on naval architecture. But Mr. Barnaby is rather behind the times in 
his retention of the practice of sliding a pro^ drawing of the ship down a 
drawing of the ways ; it is a simple matter to determine the drau^ts at 
•ucoessive positions by arithmetical means. A reference has been made 
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above to the praotitioner who is modcmtely convefsant with the theoretical 
basis of his work. The qualiiioation was meuda because the praotitioner who 
is fully conversant will find several lapses throughout the book ; wherefore 
the original indication that the book is not quityo one for the student. 

A. M. n. 


Science in Education. By M. C. Nokes, M.C.» M.A., B.So. [Pp. xii 
-f 158,] (London: Macdonald & Co. (Publishers), Ltd., 1949. 
8s. 6d. net.) 

This book lacks cohesion, and there is little sense of direction in the maiii 
argument. There is a straightforward account of what science is (limited 
rather severely to physical science), lucidly presented and well illustrated. 
Unfortunately the philosophical side of the subject is rather muddled. Ail 
might have been well if the author had not chosen to bring in an account of 
Ogden and Richards* analysis of language as a tedious means of deciding 
what scientists mean by “ truth.** One wonders at the procedure, but 
presumably the author wished to avoid so far as possible metaphysical 
problems about “ reality ” or “ existence.” All the same, his discussion of 
symbolic fictions in science, and of laws and theories, is not really satisfying. 

In the discussion of education one hoped to find a (much-needed) critical 
examination of just what our science teaching is really achieving. The 
author seems to suppose that all k well here and treats us to the pomposities 
of Jung’s classifioation of mental types in an argument of highly dubious 
validity. Thk k the most disappointing part of the book. Such a state¬ 
ment about the hktory of art as : ” there have been occasions when a con¬ 
fluence of human personality towards the introvert sensation type has taken 
place ” (p. 151) is really very difficult to understand. 

A. E. B. 

Ruasian Science Readings (Cheznietry, Physics, Biology). By L. 
Light, Ph.D., A.R.I.C. [Pp. 98.] (London and Philadelphia : Hirsoh- 
feld Bros., Ltd., 1949. 7s. 6d. net.) 

SiKCB the War, and especially since the end of 1947, when Soviet scientific 
joumak cec^ed publication in Englkh, Russian has become the second scien¬ 
tific language, if still a poorer second than German was before the War, 
London University has recognised the change, graduation in Phj^ics and 
Chemktry being conditional on passing in two languages, of which Russian 
may now be one. But the problem of teaching Russian to science students 
has scarcely yet been tackled. Scientkts are said, rightly, I believe, to prefer 
the ” moment de la quantity de mouvement ** to the ” plume do ma tante ’* 
school of Icmguage teaching, but few teachers of Russian can meet thk require¬ 
ment. If thk difficulty can be overcome, there remains that of finding texts 
in sufficient number for a class. The need, then, could scarcely bo greater 
for a reader ** that would smooth the path of those wkhing to study Russian 
scientific literatiure in the original,” which k the declared aim of the book 
under review. 

About one third of the book k occupied by texts, which are accented, the 
bulk of the remainder being notes and vocabulary, both excellent; an espe- 
oially clear and agreeable type feuoo has been used, and mkprints appear to 
bo both few and trivial. Unhappily, however, the texts, which have been 
taken from Russian school books, are, especially in Physios, aknost grotesquely 
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elementary. It is surprising that an author with experience in teaching 
sokntista a foreign language should have made the mistake of offering them 
material unsuitable for students over 14 years of age. The tragedy is all the 
greater since much care has been devoted to the preparation of the book* 
the standard of linguistic difficulty is adequate and it is the only book of its 
kind published in this country. One can only hope that, the need being so 
great, a more suitable second edition may soon be available. 

J. C. E. Jennings. 

A Century of Book Publishing, 1848-*1948. [Pp. viii + 74, with 12 
plates.] (New York, Toronto, London: D. Van Nostrand Com¬ 
pany, Ino., 1948.) 

The history of a Publishing Firm is always interesting, especially when, 
as in this instance, it is written round those who have had the control of it. 
The personality of the founder, David Van Nostrand, obviously settled the 
lines along which the firm has developed. The spacious days of publishing 
have long passed, but the maintenance of personal contact between author 
and publisher is, as it should be, still continued in the firm of Van Nostrand. 
The story of how the various types of books came to be included in the 
Company’s range of publications makes interesting reading. The reputation 
of the firm through its himdred years of existence can well be tmderstood 
when one reads of the prominent scientists and technicians who have published 
under the Van Nostrand imprint. The present President, Edward M. Crane, 
is known far beyond his native land, and we wish the firm continued success 
in catering for the needs of the academic and industrial worker. 

F. P. D. 

Science News, 13, Edited by J. L.Crammeb. [Pp. 162, with 2 coloured 
plates, 9 other plates and 26 figures.] (Harmondsworth: Penguin 
Books, Ltd., 1949. Is. 6d. not.) 

This slim volume must contain somothing to make it worth its price for 
almost every thinking adult, and many will read with absorbed interest its 
widely ranging and mostly pleasingly written essays from cover to cover. 
Facts from specialised fields like chromatography, Chloromycetin, and the 
problem of cancer, and more general essays such as those on the sources of 
solar Radiation and on experimental embryology, so delightfully informative 
for the layman or the scientist whose way does not lie in these particular 
fields, are represented here. Still other articles which might not at first seem 
to be science ” will prove astonishing revelations for many ; thus one learns 
not only the utterly amasing facts of India’s population, but also, for example, 
that 124,000,000 peas are photoeloctrically individually inspected each day 
by a single firm so that no blemished ones may bo canned. This is a most 
informative booklet which, however, most deserves to be read for the sheer 
enjoyment which it can give. 


A. H. Coox. 
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A STBiKiNG characteristic of many small animals is the rapidity of 
their movements, and there have been many speculations, since the 
days of Galileo and Borelli, on the problem of how 8j[)eed and strength 
are related to size. The inherent strength of a contracting voluntary 
muscle fibre is roughly constant, being of the order of a few kilo¬ 
grams per square centimetre of cross-section. The speed, how¬ 
ever, varies enormously, a thousandfold or more, between different 
muscles and different animals. Tn general, the smaller muscles and 
the muscles of smaller animals are quicker. The elementary unit 
of muscular activity is the so-called single twitch, the rapidly 
reversed response to a nerve impulse: but practically all move¬ 
ments, and all postures, are duo to contractions maintained by the 
fusion of successive twitches. The advantages of speed are obvious, 
but they must bo balanced against the fact that a higher intrinsic 
speed entails a proportionally greater expenditure of energy in 
maintaining a contraction for a given time. The possibility of this 
great variation in speed is what has given such wide latitude of 
size and function in the design of animals. 

A given muscle, at a given temperature and under given con¬ 
ditions, has a certain range of speed depending on its load. The 
relation between load and speed is shown by the curve marked 
P/Po in Pig. 1 [7, 8]. It is nearly invariable in shape, the scales of 
velocity and force being its only important variables. Force is 
expressed as a fraction of the maximum force Pq developed at zero 
speed : velocity as a fraction of the maximum velocity Vg against 
zero external force. The intrinsic strength of a muscle may be 
taken as Pg/A, where A is the total cross-section of its fibres; the 
intrinsic sp^ as Vg/L, where L is the mean length of its fibres. 

* A Friday Evening Discourse given at the Royal Institution on 
November 4, 1949. 
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In a firog’s leg muscle at 0** C. the intrinsic speed, V/L, is about 1*3 
sec. " 1, in a tortoise’s at the same temperature about 0*1. At 30” C. 
the speeds of both are about 20 times as great, the frog at a his^ 
temperature being a very quick animal—^which is why he can jump 
so well: even a tortoise under a tropical sun can trot about quite 
briskly. In the eye muscle of a kitten the intrinsic speed is about 
70; at a guess, in the wing muscle of a humming bird about 200. 
The arm muscles of a sloth or the locomotor muscles of a whale 



Fio. 1.—Relation between various mechonioal properties of muscle and speed of 

shortening. 

Speed y M IhtcUon of mAzlmum speed Y* under sero load. Force exerted P m fraction of maximum 
force P» at xero speed. BfBciency »(mechanical work dono)/(total energy used). Mechanleal 
power >■ FY. Total power used « PY/(elBclenoy). From experiments on Isolated muscles and on man. 

must have a very low intrinsic speed ; the jumping muscles of a 
flea or the wing muscles of a mosquito an extremely high one. 

The power PV developed by a muscle depends on load and 
speed. The curve marked “ mechanical power ” in Fig. 1 shows 
how. The maximum power occurs at about 0*3 times the maximum 
speed, against about 0*3 times the maximum load. It is about 
iV of the product of maximum force and maximum velocity. The 
mechanical efficiency, *.e. the ratio of work done to total energy used, 
also depends on the speed, its maximum value of rather over 20 per 
cent, occurring at about 0*2 times the maximum speed, against a 
load not far from half the maximum. Fortunately, these mavinna 
of power and efficiency are rather blunt, and although their positions 
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uce difiemit it is possible to work at maximum power with nearly 
maximum efficiency—a good piece of engineering design. At speeds, 
however, which are very high, or very low, both power and efficiency 
faU off seriously, becoming zero at both ends. 

The speed at which a given muscle has to work is dictated by 
the functions it has to fulfil and the size of the body of which it 
is part. A humming bird, while hovering, moves its wings about 
60 times per second, while flying slowly backwards about 60 times, 
in forward flight about 75 times and in extremely rapid flight over 
100 times a second [3]. The ruby-throated humming bird is said 
to be able to fly at 60-60 miles an hour : its developed horse-power, 
reckoned per unit of body weight, at this speed must be enormous 
compared with that of larger birds and animals ; it weighs only 
about 2 grams. The sparrow moves its wings some 15 times a 
second, and the stork only 2 or 3 times. These frequencies are 
roughly in inverse proportion to the cube roots of the weights, ».e. 
to the linear size. If the sparrow’s muscles were as slow as the 
stork’s it would be unable to fly. If the stork’s muscles were as 
fast as the humming bird’s it would be exhausted very quickly. 
These differences do not depend on nervous control, but directly on 
the intrinsic qualities of the muscles, and are found equally in 
isolated muscles stimulated electrically, though naturally they are 
accompanied by corresponding differences in the nervous system. 
The speed, in fact, of the living motor must l)e designed, like that of 
a ship, an aircraft, or a machine tool, to meet the requirements of 
the job. 

A muscle can shorten at the same speed against a var3dng load 
by an adjustment of the number of its fibres employed. If the 
load is doubled, twice as many fibres are called in by the nervous 
system. The limit is reached when all the fibres are used. Then, 
if the load is increased, the speed must drop according to the curve 
P/Pg of Fig. 1. So long as the speed is constant the efficiency is 
constant, however many fibres are employed. In cycling, for a 
given length of crank, there is a certain optimum frequency of 
pedalling which gives the highest mechanical efficiency: with a 
longer crank the optimum frequency is less. If the load is increased 
the optimum frequency remains the same : if the load is too great 
for that frequency to be kept up it is better to change gear. The 
maximum power, from Fig. 1, is developed at nearly twice the 
most efficient frequency, but with little loss of efficiency. Short- 
distance track races are won with about 2 revolutions per second, 
or rather more, on a high gear; an hour’s race is won with about 1-7 
revolutions per second on a substantially lower gear. At 10 miles 
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an hour on an ordinary bicycle, probably at nearly one’s most 
efficient speed, one mahiM only about 0*8 revolution per second. 

Each muscle is designed for maximum power and efficiency in 
its important range of speed. If that speed is exceeded the power 
and the efficiency fall, and the same mechanical output can be 
achieved only by increasing the number of fibres involved, and 
then at disproportionate cost. In Fig. 1, for example, unit 
mechanical power is developed at relative speed V/Vq = O' 3 , et a 
cost of 6*1 units of total power expended. At a relative speed of 
0*6 the power developed is only 0*74, at a cost of 6*3 : if the number 
of muscle fibres used were increased so as to bring the power back 
to unity the cost would be 8*4. At a relative speed of 0*9, the cost 
of one unit of power would be 34. 

The disproportionate cost of high speed in everyday movement 
is, in fact, far more serious than the calculation hitherto has sug¬ 
gested ; for the power required for a given type of movement 
usually increases as some power of the speed. In climbing a hill, 
for example, the mechanical power needed is proportional to the 
velocity; in running or bicycling against air resistance, or in rowing 
a boat, it is proportional to the cube of the velocity—as indeed it is, 
nearly enough, in accelerating and retarding the limbs themselves 
in any kind of reciprocating movement, such as running. Thus 
doubling, or trebling, the speed from V/V# = 0*3 to 0-6, or 0*9, 
would raise the relative cost as follows: 


Power Required 

ronotant. 

oc V 

oc V* 

Relative cost of doubled speed . 

1*65 

3-3 

13-2 

Relative cost of trebled speed . 

6*7 

20-1 

181 


A limit of speed is very soon reached. 

These theoretical conclusions, based on laboratory experiments, 
are clearly confirmed by the performance of horses, and of human 
runners and swimmers. The curves of Fig. 2, constructed fiK>m 
world records, show how the speed has to be moderated as the 
duration of effort is increased. The maximum speed of human 
runners, about 12 yd./sec., does not appear in the figure because 
the maximum spe^ is not reached until after 4 or 6 seexmds of 
acceleration and is not kept up for long : the total time gives only 
an average. The same must be true of horses running. In swimmers 
the shortest distance recorded is 100 yd. and considerable slowing 
can occur in 60 seconds: the maximum speed might easily be 
20 per cent, higher than that of the 100 yd. record. In human 
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ronnerB the speed has to be reduced to about 00 per cent, of the 
maximum if the effort is to be maintained for 6 minutes. This 
statement of course is over-simplified, for the records at different 
distances are made by different individuals ; and the typical sprinter 
would have to reduce his maximum speed to 50 per cent, in running 
a mile, the typical mile runner only to about 70 per cent. But the 
main effect is clear, that the higher speeds are extremely expensive 
and use up the available reserve of energy far fiwtor than it can be 
restored by contemporary combustion. 

A useful idea, in considering the muscular behaviour of animals, 
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1 14 World Rbcords 



12 3 4 

T/me in Race» minutes. 

Fio. 2.—World records for runniiip; and swimming. Avc^ruge speed m a porformanco 

of given duration. 

Note that the mechanical power used varies aiwut as Uie cube of tiie speed, so that the l>C8t result 
Is achieved by keeping the sjaied uniform. 


is that of a series of similar animals of different size. Such similarity 
is most nearly approached in the cetacea--porpoises, dolphins and 
whales—over a 5000-fold range of weight (Fig. 3.) It cannot, for 
several reasons, be exact. Different animals have all specialised 
for some particular function, danger or opportunity : in land 
animals and birds gravity and inertia provide different requirements 
as size is altered : and the ultimate parts, the cells and tissues, do 
not vary in proportion to the size of the animal but depend on 
quite different physical and chemical factors, surface tension, 
diffusion and the like. But sufficient similarity does, in fact, exist 
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to make its discussion useful. It is assumed that similar animals 
are made of similar materials, have the same shape and distribution 
of organs, behave in general in the same way; and have muscles of 



White Narnia/ 

Common Porpoise White-sided Dolphin 


<Z^sax Common Dolphin Bottle-nosed Dolphin 
Metres 

Fio. 3.—Soalo drawing of the cetacea, from conunoa porpoise to blue whale. 

the same intrinsic strength, adjusted in intrinsic speed so as to 
make similar movements similarly efficient at each size. We shall 
see later that dimensional reasoning, assuming a constant factor 
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of safety, then shows that similar animals of diffexent size should 
be able to run or swim at the same linear speed and jump the same 
height. In the cetaoea the speed that can be maintained for a 
considerable time is nearly the same in spite of a 6000-fold variation 
in weight. In land animals, to whom gravity becomes a pre¬ 
dominant factor at extreme size, similarity is impossible over so 
wide a range. Let us consider first the problem of whales. 

Whales 

Many observations are recorded of the speed of porpoises, 
dolphins and whales, and of the time during which a whale can 
remain under water actively swimming. The speed may be so 
high, and kept up so long, that such questions as these naturally 
arise : (1) how great is the resistance to the motion ? (2) how can 

the animal maintain the necessary propulsive power for long periods ? 
and (3) how can it get the necessary energy when, on occasion, it 
does without breathing for half an hour or more ? The striking 
result emerges that the observed performance would be impossible 
unless the motion of the water past the body surface were largely 
laminar: and we are left with the interesting problem of how 
turbulence is avoided. On the physiological side we are forced to 
the conclusion that the rate of energy output during activity, like 
the basal metabolism at rest, must increase with size, not as the 
body weight, but less rapidly, more nearly as the body surface. If 
so, the time during which an animal can do without breathing should 
vary in general approximately according to its body length, and a 
whale 90 ft. long should be able to remain imder water about 15 times 
as long as a 6-ft. man. 

The resistance to the motion of an approximately stream-lined 
solid through a fluid can be expressed by the formula, 

Cjp (total surface) V*/2 

where V is the velocity, p the density of the fluid and C/ a number [5]. 
For entirely laminar flow can be taken as 1*33R~*, where R is the 
Reynolds number: for entirely turbulent flow 0/ can be taken as 
0-456 (log loR)*'*®*. R is VL/v, where L is the axial length and v 
the kinematic viscosity (= viscosity/density). For low values of 
R the flow tends to be laminar and the resistance small, for high 
values of R it tends to be turbulent and the resistance great. The 
change-over from one state to the other usually occurs as R passes 
from 0*6 X 10* to 2 X 10*. By very careful shaping of a stream¬ 
lined body, BO as to give a favourable pressure distribution as far 
aft as possible, and by extreme care in manufacture both as regards 
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•moothness of finish and avoidance of undulation in the surface, 
huninar flow has been maintained up to a Reynolds number of 
16 X 10*. More usually, however, laminar flow occurs only oyet 
the front portion, turbulence setting in further back. The resistance, 
then, will lie somewhere between the two extreme values, to a degree 
depending on the distance to which laminar flow extends aft. 

We will consider the two extremes (see Fig. 3) of the common 
dolphin {Delphinua delphis) and the blue whale (BaUsnoptera 
muaculvs). The dolphin seldom reaches a length greater than about 
8 ft. or a weight greater than about 300 lb. The blue whale may be 
nearly 100 ft. long and weigh 150 tons. Nearly enough for the 
present purpose we may assume the following formulae for the 
relation between length, weight and total surface (including fins, 
flukes and flippers) in the two animals (from various data provided 
by Dr. F; C. Fraser, and from Parry [ll])* 

Dolphin: 

Weight (tons) — 0-01 (length in metres)* 

Total surface = 0*46 (length)* 

Blue, whale: 

Weight (tons) = 0-006 (length in metres)* 

Total surface = 0-40 (length)* 

Thus, a 180-lb. dolphin would bo 6-6 ft. long and would have a 
total surface of 19-5 ft.*, while a blue whale of 100 tons would be 
84 ft. long and would have a total surface of 2800 ft.*. In both 
these animals the heart is about 0-5 per cent, of the body weight, 
not more than in man, and the diameter of the aorta bears to the 
linear size of the heart about the same ratio as in man [1]. We 
shall see the significance of this later. 

Both these animals are stated to be able to keep up a speed of 
16 knots * (25 ft./seo.) for long periods, with sufficient reserve in 
hand to go off at 20 knots for a limited time. At 15 knots they 
are in what physiologists call a “ steady state,” like a good runner 
at 10 miles/hour. They are “ living within their income ” in respect 
of the oxygen required by their muscles for producing power. Let 
us try to calculate what this power is. 

The value of the kinematic viscosity of sea water at 5° C. is about 
1*63 X 10-* ft.* sec.-*, so B is about 6 x 10* VL. For the dolphin 

* DifGaronoes of opinion exist as to the actual speeds that con be main¬ 
tained. These may be partly due to individual differences of athletic 
<Mq?acity between the different animals encountered: some healthy men 
dattnot keep up more than half the speed of others. If 12 knots is substi¬ 
tuted for 16, the following figures are changed but not the main conclusions. 
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6-6 ft. long moving at 15 knots (26 ft./sec.) R is therefore 10’, so 
large that we should expect the flow to bo largely turbulent. Let us 
calculate the resistance for the limiting conditions of wholly laminar 
and wholly turbulent flow, disregarding any possible effect on 
turbulence of the propulsive movements of body and flukes. For 
laminar flow is 4*2 x 10*^ the drag at 16 knots is 6-15 lb. wt., 
and the horse-power required to overcome it is 0’236. Assuming 
that the propulsion is as efficient as that by which a man walks up a 
hill, this corresponds to the effort of a man of the same weight os 
the dolphin climbing 2600 ft. in an hour—^hard going but possible. 
The maximum maintained output of the most athletic man under 
good conditions is not more than about 0-35 h.p. For turbulent 
flow, on the other hand, is 3 x 10“2, the calculated drag at 15 
knots is 37 lb. wt., and the horse-power required to overcome it 
1*7 h.p. : this would correspond to a man climbing 18,500 ft. per 
hour, which is altogether impossible. Tf we allow 0*35 h.p. as the 
maximum, laminar flow must occur over 9/10 of the body surface, 
turbulent flow }X)ssibly over the remaining 1/JO. But even this is 
stretching the athletic capacity of the dolphin pretty far and gives 
him little margin for the joyous bui-sts of speed which ho often 
exliibits. 

Mr. O. A. Steven of the Marino Bioh^gical Laboratory, Plymouth, 
who spent much time during the war in a corvette in the Atlantic, 
tells me that at 16 knots he has frequently observed dolphins keeping 
up with the ship, apparently without effort, for long periods. At 
the season when the sea is alive with phosphorescent protozoa, 
which give out light on being stirred or touched, he has frequently 
noticed a clear thin line of light os a dolphin approached the ship. 
With dolphins there was no sign of a turbulent wake : with seals, 
on the other hand, a large amount of turbulence was easily visible. 
This beautiful observation, made many times, confirms the result 
of the calculations. 

How the animal accomplishes this engineering feat is a matter 
for experts in hydrodynamics. J. Gray, who discussed the matter 
first in 1036 [6], suggests that rhythmic movements . . . char¬ 
acteristic of the body and caudal fin . . . exert an accelerating 
effect on the surrounding water, ... An effect of this type may 
be expected to prevent turbulence in the flow of water past the 
body.’* Dr. J. F. Allen, the Superintendent of the Ship Division 
of the N.P.L., tells me that he is convinced that the use of the after 
part of the body for propulsion must reduce the pressure resistance. 
Whether such be the explanation or not, the difference is far too 
large to be explained away by any facile suggestion that the dolphin 
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is several times as athletic as the most athletic man I Apart from 
anytiiing else, its heart and circulation, to supply the necessary 
oxygen to its muscles, would have an impossible task if the flow 
were mainly turbulent: for its heart is no bigger than a man’s. 

It might be thought that in whales the problem would be easier, 
for the resistance, increasing approximately according to the surface, 
would be relatively less in relation to the mass of muscle available 
for propulsion. It has commonly and naturally been assumed 
(sec, for example, [4, 10]) that the maximum horse-power is pro¬ 
portional to the weight of the body. For several reasons, in a series 
of similar animals carrying out similar movements, this cannot be so : 
(1) If an animal is (say) 10 times as large in linear size its movements, 
for the same linear speed, should occur roughly at the frequency. 
The intrinsic speed of the muscles must be adjust^ to the greater 
size and lower frequency in order to obtain a reasonable efficiency. 
But the larger animal could develop the same horse-power per pound 
at iV the frequency of movement only by exerting 10 times the 
force per cm.^: and there are no grounds for assuming that the 
muscles and tissues of larger animals are intrinsically stronger than 
those of smaller ones. Moreover, we know as a fact that smaller 
animals can exert relatively greater powers than larger ones. For 
example, a young fox terrier weighing 20 lb., rewarded with candy 
at every pause [2], once ran 26 minutes in every 30 for 17 hours, 
up a slope of about 1 in 6 on a treadmill, climbing a total height 
of 76,000 ft.: the average is over 6000 ft. per hour of running time, 
a record quite beyond human capacity or endurance. (2) Total 
energy is proportional to oxygen consumption, and therefore (for 
a given degree of utilization) to blood flow.* If an animal of 10 
times the linemr size had 1000 times the blood flow, the linear 
velocity of blood in its vessels would have to be 10 times as great: 
for the cross-section of the aorta is relatively no larger in a whale 
than in man [1]. Now, according to Bernoulli’s equation, in a 
moving fluid {p/p -f |o*) is constant, so that the difference of 
pressure (p, — p) between the cavity of the heart and the aorta 
(or the pulmonary artery) is pv*/2. In an athletic man working' 
at his maximum rate the volume of blood circulated must be of the 
order of 40 litres per minute, which at the height of sjrstole most 
mean a linear velocity in the pulmonary artery and aorta of 2-3 
metres per second. Thus, (po — P) calculated as 0-02 to 

0*04 atmosphere, or 16 to 30 mm. Hg, to of his mean blood 

* Ihe oxygen ospaoity of whales’ blood is stated (e.g. [12], p. 80) to be 
rather higher than in snudler mammals, but not so much os seriously to aflfeot 
the argument. 
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pressure. This is possiUe, though perhaps rather hard on the right 
ventriole. If, however, the velocity of the blood were 10 times as 
great the diff(»enoe of pressure would be 100 times as great, viz. 
2 to 4 atmospheres I This of course is out of the question, the work 
of the heart would be fantastically great: and, moreover, the 
pressure would rise to unheard-of heights as the velocity diminished 
in the peripheral arteries. (3) The hearts of larger animals beat less 
frequently than those of smaller ones; according to Clark * in 
inverse proportion to the 0*27 power of the body weight. This 
would make the heart rate of the blue whale about | of that of the 
dolphin. Any engineer will appreciate that a pump weighing half 
a ton cannot perform as many cycles per minute as a similar one 
weighing a pound. Now the output per beat is proportional to the 
size of the heart, which is about the same fraction of the body 
weight in the whale as in man or dolphin. If, therefore, the 
frequency is only the total output per minute will be only 
reckoned as a fraction of the body weight. If so, the power 
developed also cannot be more than 4 . 

Various other arguments lead to the same general conclusion. 
In similar animals, therefore, the maximum horse-power that can 
be developed during a steady effort must 1001*0086 not as the weight 
but as some lower power of the weight, say as W ® like the basal 
metabolism. 

Let us return to the blue whale, 84 ft. long, weighing 100 tons, 
with a surface of 2800 sq. ft., for which analogous calculations have 
been made by Kermack [10]. The Reynolds number at 15 knots is 
about 126 X 10', which is certainly in the region where wo should 
expect to find turbulent fiow. For laminar fiow Cf is about 
1*2 X 10~', the drag at 16 knots is 213 lb. wt., and the horse-power 
required about 10 h.p. We have admitted a possible 0*35 h.p. for a 
dolphin of 1801b.: for a 100-ton whale this would be 435 h.p., or, 
reducing this to | in proportion to the estimated circulation rate of 
the blood, 62 h.p. This is six times the power required, so that, 
given laminar flow over the whole of the surface, the problem of the 
whale swimming indefinitely at 16 knots would be very easy. For 
turbulent flow C/ is about 2*1 x 10-', the calculated drag is about 
3700 lb. wt., and the horse-power required at 15 knots 168 h.p. 

* It ia striking that Clark’s formula (1) for the frequency of heart beat 
as a function of body weight, presumably under conditions approximating 
to rest, viz./ » exactly complements Brody’s formula [14] relating 

boaal metallism to body weight, viz. M = aW'**, if we suppose that heart 
else, and output per beat, are proportional to body weight. An animal of 
1000 times the weight would have 155 times the metabolism and 0*155 times 
the heart rate. 
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is out of the question : it would need a heart and a oiroulation 
rate three times as great as can possibly be admitted. It seems 
therefore, that laminar flow must occur over the front two-thirds 
of the animal’s surface, with the possibility of turbulent flow over 
the after one-third. Here again, as in the dolphin, we find an 
engineering achievement of considerable interest. 

The blue whale is known to be able to swim at 20 knots for 10 
minutes or so, after which its speed is reduced. Thus, for a period, 
it can exert considerably more power than during a long-maintained 
effort. This is in keeping with what we know of other animals. 
A man for a few seconds, as in running at top speed uphill, can 
develop 2 or 3 h.p. instead of the 0-5 which he can maintain for a 
few minutes: but he rapidly gets exhausted. The time-scale of 
the lai^er animal is longer than that of the smaller one, approxi¬ 
mately in inverse proportion to its heart rate. The maximum speed 
of a human swimmer is about 2 yd. per sec. if maintained for about a 
minute; it is 20 per cent, loss if maintained for 5 minutes, about 
26 per cent, less if maintained for a long time. If 1 minute to a man 
of 180 lb. is as 7 minutes to a whale of 100 tons, the whale should 
be able to keep up nearly its maximum speed for 7 minutes, and for 
very long times three-quarters of that speetl. 

These considerations help to make intelligible what has seemed 
one of the most astonishing things about whales, that they can stay 
below the surface swimming actively for long periods. The Arm, a 
female Japanese pearl diver, working practically without equipment, 
can dive to a depth of 100 fb. and remain below for as long as 2| 
minutes [13]. We know that the basal metabolism increases with 
size about in proportion to where W is body weight. We 

have seen that the cMstive metabolism must be expected to increase 
in about the same way. Cbmparing the Arm (say 60 kg.) with a 
whale of 60 tons, the total oxygen used per unit of body weight 
should be the same in the whale in 16 minutes as in the woman in 
2^ minutes. Actually, the whale can do considerably better than 
that. This must be due largely to the high myoglobin content of 
its muscles [12, p. 80] which gives it a considerable oxygen reserve. 
Apart, however, from the reduction of metabolic rate with size, 
this oxygen reserve would not be enough to account for the very 
long times during which some whales can dive. 

Land Animals 

The general statement that similar animals of different size 
should be able to run at the same linear speed and jump the same 
height is illustrated in Tables I and II. The only exact information 
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TABLE I 


(yarda/sooond 

Man 

Greyhound (55-05 lb.) 
Whippet (20-21 lb.) . 
HorBO (with rider) 

„ (with vehicle) . 


Maximt/m Spkkds 
for milos/hour multiply by 2‘05) 

12 (at about 50 yd. in nprint) 

IH*3 (avorajjjo over 625 yd.) 

16*7 (average over 200 yd.) 

20*7 (gallop : average over 660 yd.) 
15*3 (trotting : average ovor 1 mile) 


Ostrich 

25 

(i-mile) 

Haro (Z/. alleni) 

20 

Qazello (Mongolian) 

30 

(abort dash) 


20 

(10 miles) 

„ (African) . 

12i 

(1 2 days old) 

25 

(* mib^) 

Roan antolopo {Ergoceroa) 

17* 

(short) 

American pronghorn antelope 

24 

(regularly) 


29 

(good conditions) 

White-taileil doer (0. virginianua) 

15 

American bison 

10 


Wild donkey {E. hemionua) 

20 

(short) 

f« ft ft 

15 

(16 mileO 

Giraffe .... 

16 


Black rhinoceros (Diceroa) 

10 


Elephant (Indian) 

7* 

(short) 

Elephant (African) 

12 

(sliort) 

Coyote . 

17 

(short) 

Alaskan wolf 

20 


Mongolian wolf 

17* 


Gobi wolf 

IS 

(short) 

Red fox (Vulpca, 8 lb.) 

22 


Gray fox {Urocyon) 

20 


Cheetah (himting leopard) 

32- 

34 (sliort) 


about maximum speed is for man, greyhound, whippet and race 
horse. The last throe are very similar in general design ahd their 
speeds are nearly the same, increasing only slightly with size. The 
numbers given in the rest of Table I are derived mainly from observa¬ 
tions made by improvised methods in the field. The wild donkey is 
similar to the horse. Wolves, foxes and hares are similar (as runners) 
to the dogs. The gazelles and antelopes are the most efficient and 
(apart from the cheetah) the fastest of all terrestrial animals: 
members of the family vary greatly in size. The cheetah or hunting 
leopard is peculiar. It is said to be extremely fast (up to 66 
miles/hour) for a very short distance and to tire very rapidly. It is 
of medium size with limbs like those of a greyhound, with longer 
feet and longer heel-bone : but its thorax, housing heart and lungs, 
is very much smaller. It is stated to be able to outrun the fastest 
gazelto over a short distance; but failing to catch it quickly, the 
cheetah gives up. The intrinsic speed of its muscles must be 
extremely high, its output of power must be enormous and therefore 
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TABLE n 
Jrapiiro 


(dwtanoM aad heights in feet) 



Long Jump: 



Running. 

Btandliig. 

High Jump. 

Man. 

26-7 

about 12 

60 

Kat kangaroo {BtUongia penieillaia) 
(size of rabbit). 



8-fb. fence 

Hare wallaby {Lagarcheatea leporoidea) 



Over a man*a 

{aize of hare). 



head 

Large kangaroo (Macropua) , 

26 


9-ft. fence 

Jumping mouse {Zapuainaignia) (4 in. 

long). 

Kangaroo rat {Dipodomya) (5 in. long) 


12 



up to 12 


Jerboa {Jaeulua aagypnua) (4-4| in. 




lon^). 


>8 


Jumping hare {Pedetea coffer) 

20 



White-tailed prairie hare (L. Unm- 




aendii) . 

21 



Hare . 



4 ft. (“ spy hops ’*) 

Peccary {Pecari) . 



4-ft. obstacle 

Mule deer (0. hemionua) .... 

16-25 



White-tailed deer (0. virginianua) . 



8-ft. fcffice 

Wapiti. 



8-ft. fence 

Pronghorn antelope. 

ImpcSa (j^pyceroa) . 



6-ft. fence 

30 


8-ft. fence 

Horse.. 

26 


H 


exhausting, and it seems to be designed for a very short burst of 
speed. The gazelle, with less available power but very efficient 
movement, can develop almost the same velocity as the cheetah, 
but prdbably with less acceleration: at half its maximum speed 
it seems to be able to cruise about almost indefinitely between its 
feeding and watering grounds. 

Looking at the anim^ with a maximum speed of about 50 
miles/hour (25 yd./sec.) we find gazelles and antelopes, and that 
strange anomaly the ostrich, the fastest of all bipeds; of about 
36-40 miles/hour, hares, horses, dogs, wolves and foxes. In each 
group the general pattern of design is similar, but there is wide 
variation of size. 

As regards long-jumping, kangaroos, prairie hares, horses, mule 
deer and the impala, a South Afirican antelope, seem to be about 
equal to the record-holding man. The standing long jump of jump¬ 
ing mouse, kangaroo-rat and jerboa is about the same as man’s, in 
s^te of the difference of size. In high jumping the larger animals 
start with their centre of gravity a long way up, a fact to remember 
sympathetically in assessing the jumping p^formance of small boys. 
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With this in mind it is clear that the rat-kangaroo and the hare- 
wallaby are the best performers in the world. Large kangaroos, 
deer, wapiti and antelope are not much superior to man : perhaps 
they would be if they trained for field events with the same intensity I 

One has heard it said “ if a kangaroo could jump as well as a 
grasshopper he would be able to leap over St. Paul’s Cathedral.” 
So he would, if his muscles were intrinsically as quick as the grass¬ 
hopper’s and 100 times as strong as they are, and if his structure 
would stand the accelerations involved in taking off and landing t 
These conditions are all impossible : an animal designed for high 
jumping with a reasonable factor of safety should in fact be able to 
jump the same height regardless of its size, the larger animal having 
the smaller acceleration and the longer take off. Indeed, as a first 
approximation, and often it is a pretty close one, similar animals 
should carry out similar movements, not in the same time but in 
times directly proportional to their linear dimensions. If one 
animal is 1000 times as heavy as another, its linear dimensions will 
be 10 times as great, it will take 10 times as long for one movement, 
but since that movement is 10 times as great its linear speed over 
the ground will be the same: and—^here comes the advantage of 
size—it will take 10 times as long to get exhausted during a maxi¬ 
mum effort. This simple statement neglects the resistance of the 
medium, air or water, through which it moves: but we shall see, 
as we have seen already for whales, that this does not affect the 
conclusion. 

To an animal like a greyhound or a gazelle, specialised for speed, 
high speed presumably has provided a survival value; certainly it 
must when animals are br^ by man for racing purposes. It is 
obvious that a greyhound which could move its limbs with the same 
fi»quenoy as a whippet would travel about 1^ times as fast as it 
does : there must be some very good reason why it cannot. The 
effective cause lies in the intrinsic properties of its muscles, in the 
characteristic relation shown in Fig. 1 between speed of shortening 
and load. That is a matter of the biochemical and biophysical 
make-up of the muscular mechanism. But what would happen if 
the greyhound actually did have muscles with the intrinsic speed 
characteristic of those of the whippet 7 It would certainly be able 
to move times as frequently as it does, and therefore 1| times as 
fast over the ground (with much profit to its master)— unlesa, in so 
doing, its structures gave way under the greater inertial stresses set 
up in the more rapid reciprocating movements of his limbs. The 
limit of speed is effected by the intrinsic properties of the muscles : 
but the ultimate limit, to which those properties must conform, is 
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set either by the need for reasonable economy in ordinary oiroura- 
stances, as discussed earlier, or (in animals specialised for speed 
alone) by the strength of the materials—bones, tendons, Joints and 
connective tissue—of which their bodies are built. 

Athletic animals, in fact, have rather a small factor of safety, 
as any athletic trainer, any medical adviser to an athletic team, can 
testify. If a man’s muscles could somehow be altered, without 
altering his general design, so as to allow him to run 26 per cent, 
faster or jump 50 per cent, higher, athletics would become a highly 
dangerous pastime: pulled tendons, torn muscles, even damaged 
bones, would be so frequent as to make it almost prohibitive. 
The intrinsic properties of the muscles of an athletic animal 
must be adjusted to the strength of the materials of which it is 
built. 

The same relation between size and speed is found also in different 
muscles of the same animal. The mass of the eyelid is small, the 
muscles that move it are not geared up as are those of the limbs, 
the wink reflex must be, and is, extremely rapid : consequently, the 
intrinsic speed of its muscles is very high. If the muscles of the 
trunk were as fast as those of the eyelid two things would result; 
first, there would be grave danger of structural damage when 
sudden movements were undertaken, and, second, the maintenance 
of posture would be far more expensive in energy. In the body of a 
single animal the various muscles vary widely in intrinsic speed 
in accordance with their function, those required to move light 
structures rapidly being rapid, those required to move massive 
structures slowly, or to maintain loads or postures, being slower. 

Consider a pair of similar mechanisms of linear dimensions 
li and carr 3 dng out similar movements in times ti and The 
inertial stress at any point, being force per unit area, is of dimen¬ 
sions ML“^ T~*, or DL* T~* where D is density. Thus, assuming 
the densities to be the same, the inertial stresses at corresponding 
points are in the ratio mechanisms be 

driven at such speeds that the inertial stresses are the same at 
corresponding parts : then li/ti must be equal to that is to say 
the linear velocity is the same at corresponding points. There is 
nothing new in this : it is well known that a small motor can run at 
more revolutions per minute than a large one, for the same reason 
depending on the strength of materials. Its application to animals 
explains why similar athletic animals of different size should, for 
reasons of strength of materials alone, be limited to the same linear 
speed, and therefore to the same height of jump. 

The matter may be looked at in another simpler way. The 
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kinetic energy developed in a limb depends upon its mass and the 
square of its velocity. The mass varies as the cube of the linear 
dimensions, and if two similar animals were able to carry out similar 
movements in the same time the kinetic energy developed in the 
limb would increase as the fifth power of the linear dimensions of 
the animal. Now the maximum work which a muscle can do in a 
single contraction depends upon its size, its length and its cross- 
section, varpng directly os its volume, i.e. as the cube of the linear 
dimensions of the animal; so the kinetic energy developed in the 
limb itself would increase relatively far more rapidly than the total 
work which the muscle can do (as the fifth power rather than the 
cube). Thus, large animals might transform the major portion of 
the work done by their muscles into kinetic energy in their limbs. 
This would not do ; it would bo very wasteful of energy and 
mechanical damage would result. If, however, the time for a given 
movement is not constant but increases in direct proportion to 
linear size, the kinetic energy, like the work done, increases only as 
the third power, and all is well. 

Wo conclude, therefore, that the work done in a single move¬ 
ment, reckoned per unit of body weight, in producing and destroying 
kinetic energy in the limbs, should be the same in the large animal 
and the small. What happens then when there is an external load, 
as in nmning up hill or in overcoming the resistance of air or water ? 
For the same speed in the two animals, large and small, how should 
the external load vary with size ? Let Pj bo the load for the small 
animal of length Zj, with Pg and I 2 for the large animal. The external 
work in a single movement is proportional to PI: but it is also 
proportional to : so P is proportional to l^. Thus the two animals 
can run at the same speed if the external resistance is proportional 
to the square of the linear dimensions. This leads to two interest¬ 
ing conclusions. (1) When the external load is provided by the 
resistance of air or water, it is proportional to the cross-section, or 
the surface area, of the animal and the square of the velocity. For 
a given velocity, therefore, the resistance P is proportional to the 
square of the linear size, This is exactly the relation we just 
calculated, so that air resistance, or a head wind, should have the 
same effect on the maximum speed of a whippet, a greyhound or a 
race-horse. (2) In running up hill, the external load is proportional 
to the slope 0 and the weight of the animal: P oc W*. But for a 
given speed, we have shown that P must be proportional to Z*. 
Hence 0, the slope, must be inversely proportional to If a whippet 
and a greyhound could run at the same speed on the flat, then the 
whippet could run up a slope of 1 in 6 as fast as a greyhound could run 
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up a slope of 1 in 9. It -would be very interesting to try. One 
knows how fast oats can run up trees I 

Assume then that at a given speed the work done in each move¬ 
ment, either in accelerating and retarding the limbs or in over¬ 
coming an external load, is independent, when reckoned per 
kilogram of body weight, of the size of the animal. The power 
output per unit of weight, being the product of work per movement 
and number of movements per second, should be greater the smaller 
the animal: the total power should be proportional not to the 
weight of the animal but to the surface—as, for quite different 
reasons, we saw before for whales. Now one of the problems 
pro-vided by heavy exercise is that of getting rid of waste heat. 
The heat loss from the skin, for a given temperature difference 
between skin and air, is proportional to the surface of the body: 
that from the lungs is proportional to the amount of air breathed. 
The maximum power developed is roughly proportional to the 
surface, as we have seen : the power developed is also proportional 
to the amount of air breathed. Thus, with varying size, the heat 
loss during a maximum effort is proportional, for both reasons, to 
the power developed. This fortunate dispensation means that 
similar animals of different size taking hard exercise have exactly 
the same problem to face in getting rid of waste heat. It has long 
been known that at rest the energy requirements of an animal are 
proportional, not to its weight W but more nearly to its surface; 
to be precise, to In proportion to its weight a mouse has to 

eat 60 times more than a horse, in order to maintain its basic 
activities and to keep warm. The same sort of relation, however, 
exists in cold-blooded animals also, the basal metabolic rate decreas¬ 
ing with increase of size 114]. A way to look at this is to suppose 
that animals live in general in a scale of time proportional, at least 
roughly, to their linear dimensions. If an animal is 10 times as big 
it wei^s 1000 times as much ; but its power output at work, and 
its energy requirement at rest, are only 100 times as great. If, 
however, we suppose that 10 seconds to the large animal is the 
same, physiologically, as 1 second to the small animal, the energy 
output at work and the energy requirement at rest, reckoned 
per kilogram of body weight, per unit of individual time, are the 
same. 

This concept of physiological time cannot be exact, but it is a 
useful general guide. In a cold-blooded animal the physiological 
time-scale depends on the temperature. Raising its temperature 
10° C. quickens up everything 2 to 3 times. Warm-blooded animals, 
in spite of many disadvantages, have the enormous advantage of a 
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constant time-scale. Small animals, in general, with their higher 
activity and their higher metabolic rate, have shorter lives, growing 
up and reproducing more quickly. Tlie relation cannot be exact 
because the time>scale of the external world remains constant. The 
mouse may live at a metabolic rate 100 times that of the elephant, 
the humming bird at 100 times the rate of the stork : if so, on their 
own scale of time the day and the season are 100 times as long to 
the small animal as to the large. This is bound to affect their 
economy, as ours would be affected if nightfall and sunrise occurred 
every three months, if winter returned every 100 years. The fact 
that the physiological time-scale of an animal has to compromise 
with the constant time-scale of the external world, introduces an 
unavoidable complication : but the general guidance provided by 
the concept of physiological time remains valid. 

We have seen that the intrinsic speed of a muscle has to vary 
inversely with length. The chemical engineer, therefore, in design¬ 
ing a muscle had to plan its enzymes and proteins so that the speed 
of its reactions was adjusted to the dimensions of the body into 
which it fitted : the smaller the body, the higher the speed required 
of its chemical machinery. It is still quite uncertain how that 
speed is determined ; indeed, the mechanism itself is unknown: 
but the chemical engineer, natural selection or whatever we choose 
to call him, has been singularly successful in his task. 

As we saw earlier, two properties of muscles are opposed, speed 
of shortening, and economy in maintaining a force. A force is 
maintained by repeated stimulation and the fusion of twitches : 
the slower the individual twitch the cheaper the maintained con¬ 
traction. Muscles suited to rapid movement are expensive for 
maintaining force or postiu’e : some muscles are more appropriate 
to the one function, other muscles to the other, though in general 
each has to be used for both, A simple mechanism is provided 
which partly resolves this conflict. As stimulation of a muscle 
continues, the successive elements of response become longer in 
duration, so that fusion occurs at a lower frequency and a force is 
maintained more economically. This means, however, that a quick 
muscle becomes slower as fatigue sets in : and any who have run 
in a quarter-mile race will know that what one feels at the end is 
not so much exhaustion as sheer inability to move one’s legs fast 
enough. Advantageous, therefore, as it may be for a muscle to 
become more economical in maintaining a contraction as stimulation 
is continued, there is the compensating disadvantage that if suddenly 
required for a quick movement it is found to be slower. It needs a 
certain period of recovery to become quick again. The properties 
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of the muaoles, in this respect as in others, have to be a compromise 
best suited to the needs of the animal. 

Maintained contractions are of special importance in connection 
with the statics, as contrasted with the dynamics, of animals. In 
land animals the dominating static factor is gravity, which is of 
greater importance to the large animal than to the small one. 
Larger animals, in fact, have to bo more sturdily built. Two 
similar structures have weights proportional to the cubes of their 
linear dimensions, whereas the forces they are capable of bearing at 
corresponding parts increase only as the oross>sections of those 
parts, that is os the square of the dimensions. Thus, the weights of 
similar structures increase, with increase in size, in a higher ratio 
than the loads which the structures are suited to bear. Liberties, 
therefore, may be taken in the design of a small animal which are 
prohibited in that of a larger one. If a whale is stranded on firm 
ground it is suffocated and dies under its own weight.*** The essential 
point about a large animal is that its structure should be capable of 
bearing its own weight and this leaves less play for other factors. 
In a very small animal, however, only extreme deviations could 
involve danger to the structure from its weight, a condition which 
leaves free play to other factors and corresponding high vari¬ 
ability in design. The design of a small animal can be varied as 
required for functional reasons according to environment or oppor¬ 
tunity, In a large animal, however, the design is dominated by the 
necessity of supporting its weight. 

Heakt Muscle 

The story would not be complete without special reference to 
the properties of heart muscle (see (Uark [1]). In this we get the 
clearest illustration of the principle that the speed of movement in 
corresponding muscles varies invei'scly with size. Mammals exist 
in a range of body weight of 1 to 40 millions, from the dwarf bat of 
4 grams to the whale of 160 tons. Tlie frequency of the heart beat 
has not been measured at either limit, but from mouse to elephant, 
from 25 grams to 3000 kg., the resting rate varies from about 700 
to 25 per minute. During vigorous exercise the ipaximum heart 
frequency in the smallest active animals must run into thousands. 

*** Dr. F. C. Frasor tells me that some cetacean skeletons in the Natural 
History Museum show evidence of naturally repaired broken ribs, a sign of 
difficulty during temporary stranding. He reminds me also that a clear 
correlation exists between si74e of animal and number of sx)ocies. There ore 
over 5000 different kinds of rodent and only two or three different kinds of 
elephant. 
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The range of size of flying birds is smaller, from the 2 grams of the 
humming bird to about 10 kg. which is near the limit of airborne 
size. The canary is stated to have 1000 heart beats per minute, 
the domestic goose about 80. 

In mammals the heart is about g J,, of the body weight, tending 
to be rather larger in the more athletic animals capable of main¬ 
tained effort. In birds it is greater, averaging about 1 per cent, of 
the body weight. The total amount of blood is generally between 
5 and 9 per cent, of the body weight in mammals. The cross- 
sectional area of the aorta of mammals is in proportion, varying os 
the I power of the body weight, again being rather larger in the 
more athletic animals, man, horse, dog and whale; in man about 
4-5 cm.® If the total output of the heart per minute were pro¬ 
portional to tlic body weight, the velocity in the aorta, as wo have 
seen, would have to be so largo in the largest mammals that the 
heart would have an impossible task. More likely the heart output 
per minute is proportional, not to the body weight, but to the 0*73 
power of it, like the basal and the active metabolism. The heart is 
able, in this way, to meet requirements in a similar manner in 
animals of varying size. 

The mechanical power developed by the heart is relatively larger 
in the smaller animals because of its greater frequency ; in a mouse 
at rest the work done by its heart per gram per minute must be 
greater than in a man doing maximum work. Indeed, all the 
dimensional relations referred to in voluntary muscle have their 
counterpart in the heart. The principles of similarity may not 
be precisely applicable in all detail, but they provide a general guide 
to the comparative physiology of the heart which could scarcely 
be found elsewhere. 

I am greatly indebted to several colleagues at the British Museum 
(Natural History), and particularly to ])r. F. C. Fraser, for their 
many suggestions, and for advice and help in collecting the informa¬ 
tion used in this article. 
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FERROMAGNETIC RESONANCE PHENOMENA 
AT MICROWAVE FREQUENCIES 

Bv K. J. STAN0LEY, M.A., D.Phii,. 

Formerly of tke Clarendon Laboratory, Oxford, 
now Atiiilant Ijeciurer in Phytic*, Nottingham Vnivertity 

1, Inteoduotion 

Thjb discovery of the ferromagnetic resonance effect was first re¬ 
ported by Griffiths in November 1946. Since that time there have 
been published the results of further experimental and theoretical 
investigations by other workers and it is the purpose of this article 
to give a survey of the position at present obtaining in this field. 

The ferromagnetic resonance experiment provides data from 
which it is possible to calculate a value of the Land6 splitting factor 
or j^-value of the electron system, using equations first derived by 
Kittel (1947). The splitting factor is usually defined as the ratio 
of the magnetic moment to the angular momentum of the electron 
system, in units of 2m/e {see, for example, L. F. Bates, Modem 
Magnetism, Chap. I, Fig. 8, or E. C. Stoner, Magnetism and Matter, 
Chap. V, section 6). 

The occurrence of the resonance may be understood from the 
following simple picture. Within a ferromagnetic material in an 
unmagnetised state, the individual magnetic carriers are thought 
of as oriented in random directions. If a steady magnetic field 
H is applied, sufficiently strong to saturate the material, the indi¬ 
vidual magnetic carriers line up in the direction of the field, and 
process about this direction with an angular Larmor frequency, 
toi^, which will depend upon H in a manner similar to that depicted 
by Larmor in his classical theory of diamagnetism. Suppose an 
oscillating field Hi sin a>< is now applied at right angles to H. If 
the frequency of the oscillating field is varied, when it is equal to 
the internal Larmor frequency o/,, resonance occurs and additional 
energy is transferred from the oscillating field to the carrier system. 
Damping is present, and the resonance is not a sharp line at a 
particular frequency, but a broadened curve over a firequency 
range, 
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With the experimental arrangement normally used (section 2) 
it is convenient to express the energy dissipated in the ferromagnetic 
specimen in terms of the product {(inp). At the high radio frequen¬ 
cies employed, the permeability of the material is represented by 
the complex quantity ju = /ii — ift^, and the quantity ftjf, which is 
the permeability obtained from measurements involving resistive 
or power loss measurements, is defined by /*« == -f /il)* -f ftt I 
p is the electrical resistivity of the specimen. 

The direct gyromagnetic measurements of Sucksmith, Barnett, 
Bates and others have shown that the magnetic carrier is to be 
identified mainly with the electron spin, contributions from the 
orbital motion of the electron being small in most cases. On this 
assumption the Larmor processional frequency in a field H would 
bo expected to be of tho order 

cH 


or 


(Oi, _ cH 
' 2nmc 


Hero e and m are the charge and mass of the electron and c is the 
velocity of light. Substituting the numerical values for these 
constants one obtains 


*= 2-80 Mc./s. per oersted. 

In order to be able to interpret the experimental results by the 
assumption of near-saturation, it is desirable that resonance should 
occur in fields of several thousand oersteds. Thus the resonant 
frequency on this simple picture must be of the order of 3000 Mc./s. 
or above. 

Generators of electromagnetic oscillations of this order of fre¬ 
quency became available as a result of the extensive war-time 
researches, and in tho so-called microwave spectroscopy of the post¬ 
war period frequencies up to about 60,000 Mc./s. have been used. 
It is not possible to vary widely the operating frequency of these 
oscillators and the experimental technique is to keep the frequency 
V fixed, and to vary the applied field H, thus varying vj^. 

The resonance experiment leads to values of various 

applied field strengths H, and to the value of H for maximiun power 
absorption, at constant frequency of the oscillating field. From this 
latter value, by the use of Kittel’s formulss, the Land4 splitting 
factor or p-value of the magnetic carrier is determined. The theory 
of the eff^ is discussed briefly in section 3, after a description of the 
experimental arrangements employed has been given. 



FEBROMAQNETIO RKSONANCB PHENOMENA 


233 


2. Experimental Technique 
The experimental requirements are: 

(1) A uniform magnetic field H, which may be varied from 

zero up to several thousand oersteds and in wliioh the 
ferromagnetic sixjcimen may be placed. 

(2) A generator of electromagnetic oscillations of frequency v. 

(3) A means of subjecting the specimen simultaneously to the 

steady and oscillating magnetic fields. 

(4) A method of measuring the power absorbed by the specimen 

from the electromagnetic wave. 

The block diagram of one form of apparatus is given in Fig. 1. 

At the very high frequencies employed, the resonant circuit is 
replaced by the resonant cavity. Rectangular or cylindrical cavities 
are usually used, and for given cross-sectional dimensions there are 


EM 



Fia. 1.—Block diagram of ono form of oxporiinoiital arraagonioiit. 

O oHclllator; W == ^avemfif^ir; F - directive feed; P = ixmer monitor; A„4, = variable 
attenuaton; U rceoiiator, D -- cryetal detector; EM electromaKiiut polo plcccH. 


definite lengths to which electromagnetic waves of given frequency 
and field configuration are resonant. By suitable design, the circuit 
magnification (Q factor) of such a resonator may be high (several 
thousands); this means that the energy stored in the cavity is large, 
while the energy dissipated in resistive losses is small. It is thus 
possible to insert the ferromagnetio specimen into such a cavity and 
to measure the changes in energy dissipated in it, by Q factor 
measurements. The maximum power absorbed may be ten times 
that lost in the wings of the resonance absorption curve, and con¬ 
sequently the Q changes are usually substantial and easy to detect. 
At the same time, by the choice of a suitable mode (t.e. field con¬ 
figuration) the oscillating magnetic field is made more or less 
unidirectional over the specimen. The resonator is then placed 
between the poles of an electromagnet so that the specimen is in a 
legion of most homogeneous field and is oriented so that the field 
due to the magnet is at right angles to the oscillating field. 

Plane metallio spedmens usually form one wall of a rectangular 
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Hig resonator or one end of a oylindrioal oavity resonating in an 
Hi, mode. When non-metallio specimens are examined, they are 
usually placed upon one of these same walls in a resonator made, 
of course, from non-ferromagnetic material. (The terms H,o, H,„ 
etc., refer to specific field configurations to which the oavity is 
resonant. For details see, for example, Waveguides by H. R. L. 
Lamont, Methuen, 1946.) 

The generator used is a reflection klystron osoiUator. This 
generates continuous waves, and the maximum power obtainable 
varies from about 100 milliwatts at a wavelength of about 3 cm. to 
a few milliwatts only, in the region of 1 cm. Each valve may be 
tuned through a wavelength interval of about 5 per cent. The 
valves operate with an anode/cathode potential difference of about 
2 Kv., and this and the other electrode voltages are usually very 
carefully stabilised to avoid unwanted fluctuations in the generated 
frequency. 

The valve is carefully matched to a waveguide and the generated 
electromagnetic wave is propagated down this to the cavity resona¬ 
tor, to which the wave is coupled by a small hole, critically posi¬ 
tioned so that the required mode in tho resonator is strongly excited. 
To the waveguide run between the valve and the cavity are coupled 
the various ancillaries required, such as (i) wavemeter for accurate 
determination of the wave-length of tho oscillation, (ii) power 
monitor and (iii) attenuators for adjusting the generated power to 
the required level at tho cavity. 

Broadly speaking, the foregoing description is typical of all 
experimental arrangements so far used. It is chiefly in the method 
of measuring the Q of the experimental oavity that the techniques 
of the various experimenters differ. When the cavity is provided 
with both input and output coupling holes, the power transmitted 
with the cavity tuned to resonance is a measure of Q. In such a 
case a silicon tungsten crystal detector is placed across the output 
waveguide and the rectified current is measured. At low incident 
power levels (of the order of 1 microwatt) the rectified current is 
proportional to the incident power (Griffiths and Standley, 1949). 
If single coupling to the resonator is employed, the wave reflected 
back down the waveguide is studied, either directly by using a 
directive feed section in the waveguide run (Kip and Arnold, 1M9) 
or by observing the standing wave pattern set up (Yager and 
Bozorth, 1647). Space does not permit the full description of these 
various methods and the reader is referred to the published papers 
of the authors quoted. 

The experiment consists of measuring the power dissipated in 
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the specimen for a series of known applied magnetic fields, the 
frequency v of the oscillating field being kept constant. From this 



Fio. 2.—Absorption curve for a nickel specimen 1*8 microns thicks at room 
temperature and A 1-23 cm. 

data, the product is found at each field strength and, if p 

is known or found by experiment, the curve of against applied 
field may be drawn and the magnetic field for maximum absorption 



Fio. 3.—Components of the complex permeability (p • — ipi) of a nickel 

specimen at A » 7*23 cm. 


found. When interest is primarily in the shape of the absorption 
curve and in the lesonanoe field, it is not necessary to calculate 
Cujt/}). It suffices to calculate the absorption in any arbitrary units. 
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usually relative to that in zero applied field. An example of such a 
curve is given in Fig. 2. 

The resonance absorption of power is aoeompanied by disper¬ 
sion, and, as the magnetic field is varied, either the cavity or the 
oscillator valve must be retuned to keep the cavity resonant to the 
incoming signal. If this small retuning is measured, it is possible to 
calculate the quantity defined by //j, = (/ii-f- “ t*v (The 

permeability is that obtained from dispersion measurements, 
in contrast to which is derived from absorption measurements. 
At low frequencies, and /q, are, in general, equal but at very high 
frequencies this is not the case.) Thus if /zj; and are obtained for 
the same specimen under identical conditions, the components 
and /ij of the complex permeability may be separated. An example 
of this is given in Fig. 3. 

3. Tub Basic Theobv of the Effect 

The conditions for ferromagnetic resonance to occur wore first 
derived theoretically by Kittel (1947, 1948), and an outline of his 
theory will be given in this section. It is to be emphasised at once 
that Kittel’s resonance formula appears, in the light of experimental 
evidence, to be a good first approximation only. Suggested cor¬ 
rections are discussed in section 5, following the experimental data. 

On a classical model, Kittel assumes that the carriers in the 
ferromagnetic material are magnetic tops, for which the magnetic 
moment and angular momentum are parallel vectors of constant 
magnitudes. The magneto-mechanical ratio, y, is defined as the 
ratio of the magnetic moment to the angular momentum of the top. 
It is also assumed that the magnetisation in both steady and 
oscillating magnetic fields is uniform. 

The equation of motion of such a top in an applied magnetic 
field H is then considered. H is mode up of steady (H,) and oscil¬ 
lating (Hj.) parts and the effects of the shape of the body are included 
by taking into account demagnetising corrections in the throe co¬ 
ordinate directions. 

As a result one obtains for the resonance angular frequency 

(!) for a plane specimen 

tco = y(B,H,)* . . . . (1) 

(2) for a sphere 

ccq —— yKf ..... (2) 

13ie different forms of these two equations arise frrom the different 
demagnetising eoeffioients in the two bodies. 
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Substituting the value of y 



obtains for a plane specimen 


in equation (2), one 


_ 21-4 

^ ■“ I(b;h;)* 

Here X is the free space wavelength of the electromagnetic oscil- 

^iTtO 

lation employed and equals —* and are expressed in kilo- 

(Oq 

oersteds in this equation. For a spherical sample, replaces 

Thus the ferromagnetic resf)nanco experiment leads directly to 
the Lande splitting factor, or (/-value, of the magnetic carrier. For 
an electron-spin (7 -2, and if orbital motion also is involved, the 

gr-value is less than 2. 

In the above discussion the ferromagnetic material has been 
assumed to be isotropic. Kittel has also considered the effect of 
anisotropy forces in single crystals, with and Hj. along specified 
directions and in given planes. He has shown that the resonance 
oondition is, in general, modified by the addition of terms involving 
the anisotropy constants Kj, Kj, etc. The effect is to shift the 
resonance, the magnetic field for maximum absorption being 
altered by an amount which in a cubic crystal structure, for given 
orientations, may be of the order of 2Ki/I. This is about 600 
oersteds in iron at room temperature. 


4. Experimental Results 

It will l>e convenient now to discuss the experimental results 
which have so far been publisluxl; the work on pure metals and 
alloys will bo taken first, followed by that on non-metallic materials. 
Unless specifically otherwise stated, reference to a (/-value will mean 
that calculated from KitteFs formula (equations (1) and (2) of the 
previous section). 

Pure Metals and Allovs 

The results available to the writer are summarised in Table I. 
In all cases experiments were x>©rformed upon thin sheets of the 
ferromagnetic specimens, and this table includes only work upon 
samples much thicker than the depth of penetration (skin depth) 
of the electromagnetic wave into the metal. The skin effect, the 
rapid attenuation of the wave entering the metal, makes unattain¬ 
able the uniform magnetisation, postulated by Kittel in deriving 
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TABLE! I 


Data tor Mbtaixio Spscihenb 


(All specimons much thicker than the skin depth at the wavelength used) 


Author. 


Yager and Bozorth (1047) 
Yager and Merritt (1040) 
Kip and Arnold (1040) 


Griffiths and Standley 
(1040) 



Free Hiwoe 




Wavelength 
In cm. 

Teiufteratiire. 

g-Valuo. 

-- 

- 

- 


Supormalloy sheet 

1-26 

Room 

217 

Heusler alloy sheet 
Silicon-iron crystal 

1-25, 

1*26, 

Room 

201 

(disc form) 

and 

3-24 

Room 

214 

Evaporated nickel 

1*23 

Room 

216. 

films 

1-44 

Room 

219. 


304 

Room 

2-27o 


1*23 

190*^ K. 

2*20. 


1 1-23 

1 

90° K. 

2-35 


his resonance equations. Possible effects of this varying magnetisa¬ 
tion are discussed in the following section. 

Referring to Table I, it will be seen that in all cases, except that 
of Heuslor alloy, the j 7 -value is greater than 2-0() by at least 7 per cent, 
and in the case of the experiments on nickel by Griffiths and 
Standley (1949) the gr-value was found to vary as either the fre¬ 
quency or temperature was changed. The gr-values greater than 


TABLE n 

Data for Tats EvAPORAncn Nickw. Films 


Free Space 
Wavelength 

In cm. 

Tenipc rature 

Tranalthm 

Kaiige in 
Microns. 

Mean p-Yalueti 

Above j Below 

TranHltion. | TraiiBltlon. 

1 

123 

Room 

0'45 to 0-80 

2-16. 

202, 

1 44 

Room 

0-52 to 0*88 

2-19. 

201i 

304 

Room 1 

1-5 to 1-8 

2-27. 

206, 

1-23 

190° K. 

C-5 to 0-90 

2-20. 

2*05. 

1-23 

90° K. 

0-66 to 10 

2-36 

204 


2-00 are unexpected, since the direct gyromagnetic measurements 
of Suoksmith, Bates, Barnett and others gave gr-values which in 
most oases ranged from 1-90 to 2-00, often 2-00 within experimental 
error. 

Further evidence has been found by Griffiths and Standley of 
the need for correction in applying Kittel’s formula. Working with 
v&fy thin evaporated nickel films, they found that at constant 
frequency and temperature the gr-value depended upon the thick- 





FBBROMAONBTIC RB80NAN0E PHENOMENA 


239 


ness of the specimen used. Their results are summarised in Table II. 
The g-value was found to be greater than 2*00 and constant within 
experimental error for films thicker than a certain amount, tx. 
When the film thickness was less than an amount the (/-value was 
again constant and equal to 2*00 within exi)erimcntal error. The 
transition from normal (/-value to a higher value occurred over a 
range of thicknesses to ix which varied with frequency and tem¬ 
perature. The change in gr-value was quite abrupt, as seen from 
Table II, and in magnitude was right outside the exi)ected experi¬ 
mental error. Within the limited range of the experiments, the 
mean transition thickness was approximately proportional to the 
free space wavelength A, and approximately equal to the skin 
depth (5, calculated from the formula 



Here p is the resistivity of the film in ohm centimetres, A is in 
centimetres and refers to the value of this quantity at resonance. 

In an attempt to determine further factors upon which the 
transition thickness depended, two further experiments were carried 
out at A = 1*23 cm., and at room temperature. (1) The metal 
supporting the film in the resonator was changed from copper to 
bismuth (resistivity about 70 times that of copper). No change in 
the g-value for any film was found. (2) “ Sandwich si)ecimens 
were prepared by sticking one nickel film on to another, the two 
being separated only by a very thin layer of adhesive. In each case 
the resonance field found was that for the upper film alone. Yet 
the total thickness of nickel present, as a continuous film, would 
have shown its resonance at a field 500 oersteds less. It thus 
appears that the presence or otherwise of a reflected wave in the film 
is not of primary importance in determining the resonance field. 

Similar results were found, by these workers, for thin evaporated 
cobalt films, but the data are not included, as the error involved was 
considerably greater. This was due to uncertainty of the value of 
the intensity of magnetisation for each film of this magnetically 
hard material. 

To obtain further data on the change in gr-value with tempera¬ 
ture, in nickel, Griffiths and Standley made measurements on a 
nickel sheet from room temperature up to the Curie Point, at a 
wavelength of 1*23 cm. A gr-value of about 2*19 was found at 20° 0., 
decreasing slowly to about 2*10 at 310° C. and then decreasing rapidly 
towards 2*00 as the temperature became close to the Curie Point. 
No absorption could be detected at temperatures above 350° C. 
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The values of the intensity of magnetisation used in the calculation 
were taken from the International Critical Tables, and especially 
below C., the changes in gr-value were outside the expected 
experimental errors. 

Thus, for nickel, it seems clear that at constant frequency the 
g-value obtained, using Kittel's formula, decreases with increasing 
temperature. And yet it is understood, from a private communi¬ 
cation, that there is no significant change in the gr-value for super- 
malloy when the temperature is lowered to 90° K. (Yager and 
Bozorth). 

The only detailed examination of the behaviour of single crystals 
has been reported by Kip and Arnold (1949). A silicon iron crystal 
was used, a (001) face of which had been eleotrolytically polished to 
remove surface strains. For such a plane in a cubic crystal, Kittel’s 
resonance formula is 

k{[b, + [h, - cos 4o]}* 

Hero Ki is the first order anisotropy constant, and 0 is the angle 
between the magnetisation, I, and the [100] direction in the crystal. 
Assuming that the applied field is sufficiently great to cause satura¬ 
tion in its own direction, the field for resonance is to be expected 
to vary as cos 40, since 47rl at the frequencies used. These 
were 23,675 Mc./s. and 9260 Mc./s. 

This dependence of H, upon the angle 0 was very satisfactorily 
obeyed in the results obtained at the higher frequency. At the 
lower frequency, firstly, the variation was not according to a cos 40 
law and, secondly, an additional broad resonance hump was found 
at lower fields, when 0 was about 45°. Both these facts were 
shown to result from the incomplete alignment of the magnetisation 
along the direction of the magnetic field, which at this frequency 
was only a few .hundred oersteds at resonance. The mean gf-value 
found was about 2*14, but Kattels theory of the effect of anisotropy 
forces uiK>n the resonance can be considered to have been experi¬ 
mentally proved correct. 

Non-Mbtallio Matbbuls 

Experimental evidence for these materials is not very extensive, 
and published results are summarised in Table III. The gr-values 
accorded to Birks’ experiments have been calculated by the writer ; 
Birks quoted only resonance fields for spherical samples and used 
the results as evidence for a theory of the high g-value, which is 
discussed in the next section. 
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TABLE m 


Data for Non-Mktaixic SpsciMisKd 




Free Space 



Author. 

jMaiurial. 

WavelonKth 

Temi>eraturo. 

j/-Vttlue. 



lu oni. 



Hewitt (1948) . 

Zinc manganese ferrite 

1-25 

Hoorn 

212 


shoot 





Bimiior ferrito sphere 

1-20 

Room 

216 

Birka (1048) 

Nickel zinc ferrite sphere 

308 

Room 

2-67 


F 03 O 4 sphere 

308 

Room 

2-36 


y FojOj sphere 

3-08 

Room 

219 

Bickford (1949b) 

Synthetic magnetite, 

3*37 

293° K. 

217 


ainglo crystal (disc 

3 36 

130“ K. 

208 


form) 

3 36 

120“ K. 

206 



1 25 

293° K. 

2-13 

1 


1-25 

130° K. 

209 


The experiments of Bickford (1949a and b) are interesting as 
the first application of ferromagnetic resonance in measuring the 
variation of the anisotropy constant of magnetite with temperature. 
Working in a manner essentially similar to that of Kip and Arnold, 
he has examined the resonance in both natural and S 3 nithetic mag¬ 
netite crystals. Each is found to have an anisotropy constant 
Ki of about — 1*0 X 10® ergs/c.c. at room temperature, becoming 
less negative as the temperature is lowered and passing through 
zero at about —143^^ C. Working in the 3-cm. region, the resonance 
absorption disappeared below the phase transition in these crystals 
at — 160° C. With synthetic crystals in the 1-cm. wavelength 
region, a resonance below this temperature was detected, but at a 
much lower field strength. Further det rls of this latter eflFect 
have not yet been given. 

It will bo seen that Bickford finds a small variation in gr-value 
with jfrequency at room teinj^erature. This is, however, within his 
expected error of 2 per cent. At constant frequency, his gr-values 
decrease with decreasing temperature, whereas in nickel the reverse 
was found by Griffiths and Standley. 

The present experimental evidence on all materials may there¬ 
fore be summarised as foUows : 

(1) The g-veAnea obtained by the use of KitteFs formula do not 
agree with the results of direct gyromagnetio experiments and are 
greater than 2-00 (the value for a free electron spin) by not less 
than 7 per cent. (The exception to this is the value of 2*01 for 
Heusler alloy.) 

(2) In nickel and cobalt, there is evidence of an abrupt change 
in {f-value as the thickness of the specimen is decreased below a 

Q 
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certain amount, which is dependent upon the frequency at which 
the observations are made. 

(3) In nickel the ^-value is found to decrease with increasing 
temperature at constant frequency, in magnetite the reverse is true, 
and in supermalloy, at low temperatures, no significant change has 
been observed. 

(4) In nickel, the j^-value increases with increasing wavelength, 
at room temperature. The same may be true in magnetite, but 
more refined experiments would be required before this could be 
stated certainly. 

(6) Kittel’s theory of the effect of anisotropy forces has been 
found experimentally to be correct, in the work of Kip and Arnold. 

6. PuBTHKR Theoretical Considerations 

The experimental evidence discussed in the previous section 
makes it clear that the theory due to Kittel is incomplete. An 
explanation is required of the reasons for the ^-values being greater, 
apparently, than the free spin value of 2-00, and not constant 
against changes in frequency and temperature in some materials. 
In addition, the shape of the absorption curve and the signihcance 
of its width still require elucidation. Attempts have been made 
to solve these outstanding problems, but without complete success. 
The various suggestions which have been put forward wiU be briefly 
discussed below. 

There have been five attempts differing in principle or in detail 
from one another, to explain the high gr-value. 

(1) Polder (1949) has suggested that the high g-value may be 
a direct consequence of spin-orbit interaction, and has developed a 
qualitative argument in support of this, while Kittel (1949) has 
recently given a semi-quantitative account of this theory. The 
j 7 -value of 2-01 for Heusler alloy, obtained by Yager and Merritt 
(1949), has been construed as evidence in support of the theory, 
in that the direct g 3 rromagnetic measurements on this material 
gave a y-value of 2-00 and thus indicated the complete absence of 
orbital contribution. 

It is difficult to reconcile this explanation with the change of 
p-value with film thickness, found in the nickel experiments; to 
cover these results, it would be necessary to postulate that the 
interaction depended upon frequency, temperature and thickness 
of the specimen. 

(2) Birks (1948) considers the high gr-value to arise firom neglect¬ 
ing the effect of internal strain or anisotropy fields and the experi¬ 
mental results quoted by him are certainly in accordance with tills 



FERROMAGNETIC RESONANCE PHENOMENA 


243 


suggestion. However, it is difficult to conceive the existence of 
such a field in supermalloy, which has very small anisotropy forces, 
and from which, before testing, Yager (1949) took particular care 
to remove artificial strains. Moreover, cold rolling this material 
merely broadened the absorption curve ; it did not alter the experi¬ 
mental gr-value. Difficulties also exist in explaining the nickel 
results on this theory and it seems that Birks' suggestion cannot 
be accepted os a general explanation of the high j-value. 

(3) Rado (1949a and b) has attempted to take into account inter¬ 
actions between the individual micro-crystals of which the poly- 
crystalline material is made up. His argument is that these micro- 
crystals act as single domains, and, since they are oriented at random, 
the additional field arising from the magnetic interaction between 
them cannot be parallel to each domain. There is, therefore, an 
additional torque acting on each domain, the effect of which must 
be taken into account in using KittePs equations to derive gf-values 
from the results of resonance experiments. A quantitative estimate 
by Rado of the magnitude of this correction is found to be of the right 
order of magnitude in sonm cases, but the validity of the calculation 
has been questioned by Brown (1949). Neither the (/-value obtained 
for Heusler alloy nor the frequency variation of the transition 
observed in nickel can be explained adequately on this theory. 

(4) Pryce (unpublished) has taken into account the effect of the 
short range exchange forces, in conjunction with the non-uniform 
magnetisation of the specimen which occurs usually in actual experi¬ 
mental arrangements. Replacing the exchange force by its equiva¬ 
lent magnetic field, and considering the additional torques which 
result, lead to an equation of motion of the form 


1 dl 

y dt 


= I X fl h X 


dy^ 


The second term on the right-hand side of this equation does not 
occur in Kittel’s derivation of the resonance conditions. Approxi¬ 
mate solutions of this equation, with the required boundary con¬ 
ditions, predict a change in resonance field in the right direction to 
account for the observed high (/-value. It is not certain, however, 
that the magnitude of the constant fc, required to account completely 
for the observed jr-value, could be accepted theoretically. 

(6) Griffiths and Standley (1949) have suggested a different inter¬ 
pretation of the effect of the exchange forces with non-uniform 
magnetisation of the specimen. If the sample is assumed to be 
saturated by the applied field all the carriers are oriented in the 
direction of this field and process about it in cones of equal angle. 
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If now an oscillating field Hj, is applied, at right angles to H„ and 
decreasing in amplitude through the specimen, it is to be expected 
that the change in the angle of the cone will be greatest where H, 
is greatest and will decrease to zero where is zero. Thus neigh¬ 
bouring carriers are now at a small angle one to another, and the 
energy to cause this must come from the energy of the oscillating 
field. A kind of Bloch spin wall is formed and the energy equation 
for the transition is 

Avl + E = Av 

where vi^ is the Larmor preeessional frequency, v is the applied 
frequency and E is the energy used in creating the walls which result 
from a single quantum absorption. 

In a simple quantitative argument it has been assumed that the 
observed mean transition thiekness, t, in nickel corresponds to just 
that number of carriers which can act as a single unit at a given 
frequency. The absorption of quanta within this unit was assumed 
to excite the whole thickness, a wall thus occurring at a depth t 
from the siuface. The results of this calculation were not entirely 
satisfactory, but a model was employed which may bo susceptible to 
more rigorous and complete analysis. 

Much less material exists concerning the interpretation of the 
shape of the absorption curve. Kittel originally proposed a damp¬ 
ing term, on purely formal grounds, and the form of absorption 
curve resulting from this damped equation has been found to agree 
well with the experimental results obtained on supermalloy (Yager, 
1049) and on Heusler alloy (Yager and Merritt, 1949) with the 
damping constant, A, proportional to H. A damped resonance 
formula of the t 3 rpe derived by Frenkel (1946) was, however, found 
to give equally satisfactory results for supermalloy (Yager and 
Bozorth, 1947); Macdonald (unpublished) has found similar agree¬ 
ment in applying the Frenkel formula to certain of the results for 
nickel. 

Until a clear physical description of the relaxation process is 
obtained, u remains impossible to interpret either the constant A 
of Kittel's formula or the damping frequency v' in Frenkel’s for¬ 
mula. Similarly the effects of spin-spin and spin-lattice interaction, 
familiar in the interpretation of paramagnetic resonance measure¬ 
ments, may not readily be included. 

Finaliy, one further effect of damping will be mentioned, that 
any damping term must lead to a deviation from Kittel’s formula. 
Or, what amounts to the same thing, in a damped resonance, the 
position of maximum absorption is not exactly the position of 
equality of internal Larmor and external applied frequencies. Such 
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an equality has been always assumed in calculating jr-values from 
Kittel’s formulae. Calculations on the Frenkel model indicate that 
the diflFerence in the two positions is very small and, indeed, it is 
not to be expected that this alone can explain the high jr-value. 
For the supermalloy curve at a wavelength of 1*25 cm. is only 65 
oersteds wide, indicating very small damping, wliilo the nickel 
curve at a similar wavelength is about 2000 oersteds wide. Yet 
each is found to have a ^-value of about 2-17. 

Summarising the present theoretical position, wo may say that 
while Kittel’s theory must be regarded as no more than a very 
good first approximation, no fully satisfactory explanation yet 
exists of the discrepancies which arise from its use. 

6. Conclusion 

In the foregoing sections, the writer has attempted to survey the 
present available experimental and theoretical material in the field 
of ferromagnetic resonance. Neither the experimental technique 
nor the basic theory jirescnts any major difficulties, but the com¬ 
plete theoretical account of the j)henomena appears to be one of 
considerable complexity. It seems possible that each of the pro¬ 
posals made (section 5) may represent a different special case of a 
general solution, in which the effect of one or more parameters may 
predominate, according to tho material used and the experimental 
conditions. Or tho correct explanation may bo quite different. 
Only further experimental and theoretical work will resolve the 
problem. 
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THE HISTORY OF ARTISTS’ PIGMENTS* 

By H. J. PLENDEHLKlTn, M.O.. Pu.D., F.Ii.S.E., F.C.S., F.S.A. 

Keepi^ft Regearch JjOboraUyry of ifig BrUinh Mugfum 

For the earliest use of artists* pigments, we have to go back to pre¬ 
historic times—^to a period after the last great Ice Age before Man 
became an agriculturist and while he still lived in the shelter of caves 
and eked out a precarious existence by hunting wild animals. The 
art of the so-called Magdalenian Period has been preserved for us, 
notably at Altamira in Spain, and in the Dordogne in the south of 
France, where the cave walls are decorated with drawings of animals 
of the cliase, carried out in an astonishingly accurnte and lively 
manner, in natural earth colours supplemented by black and white. 
Soot, chalk, and ferruginous clays were the earliest artists’ pigments 
—pigments which have persisted throughout the ages and, in essence, 
are still in regular use to-day. 

Egyptian Pigments 

With this fleeting and wondering glance into the dim past, we 
must bo content. The historical study of artists’ pigments now 
takes us many thousands of years later to the valley of the Nile, 
where, from the earliest dynasties, the arts were encouraged, and 
artists fulfilled an important function in society by embellishing the 
temples and tombs which formed the centre of Egyptian civilisation 
and culture. One of the most interesting of these tombs, from our 
point of view, is the 4th Dynasty tomb of the court official Nefer- 
Maat, discovered by Sir Flinders Petrie at Medum in 1892 [1]. Here 
there are inscriptions incised and undercut in the stone and filled in 
with paste colours. The hieroglyphs announce that the artist “ made 
this to his gods in his unspoilable writing ”—a reference to the elabor¬ 
ate undercutting. The pigments were found, on examination, to be 
lamp black, gypsum white, ochre, powdered hsematito (which gave 
both red and brown colours), and malachite green. 

This was the period of the Old Kingdom, about 2600 b.o., imme¬ 
diately prior to the building of the Great Pyramid. More recent 

♦ Bemg a lecture delivered to the Physioed Society Colour Group on 
June 15, 1949. 
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excavations have made two signilioant additions to our knowledge of 
the pigments available at this early age. The first is the blue copper 
carbonate azurito, and the second the celebrated synthetic frit pig¬ 
ment known as Egyptian Blue, which was widely u^ in wall paint¬ 
ings, and as the colouring matter of glazes, for hundreds of years 
thereafter. W. J. Russell [2] carried out a great deal of work on 
Eg 3 T)tian Blue, making dozens of samples by the fusion of alkali and 
lime with silica and a powdered copper mineral, and he found that 
the conditions for obtaining a pure blue wore critical around 860° C.; 
any great deviations, or the presence of iron as impurity, yielded 
products which were green, having only a proportion of the blue 
colouring matter present. Tt remained for Professor Laurie and his 
co-workers [3] to establish the fact that the blue colouring matter 
is a definite chemical compound (Ca0.Cii0.4Si0a) common to frit 
blues from ancient Egypt, Knossos, and Palestine. It is very 
remarkable that this Egyptian Blue, the earliest of the synthetic 
pigments, and one of the most difficult to prepare satisfactorily, 
should have bec*n made and used more than 4500 years ago. In 
Egypt, all tlie pigments already mentioned were in general use 
throughout the succeeding dynasties, and were re-inforcod in the 
18th Dynasty (1580-1320 b.c.) by a fine golden-yellow colour made 
from the ground mineral orpiment, a sulphide of arsenic later to be 
known as “ auripigmentum.” Samples of mineral pigments have 
often been found in the tombs with the grave goods, and they are 
sometimes of such fine colour and quality that one feels the materials 
must have been specially selected for the artist’s use. 

As a Tule, pigments from mineral sources may be easily identified, 
but organic materials are more difficult to recognise, especially when 
they are very old and faded. In the 11th Dynasty, according to 
Lucas [4], leather was commonly dyed red, possibly with the Persian 
insect dye-stuff known as kermes : this word, derived from the Arabic, 
is the source of our word “ crimson.” In the 12th Dynasty (2000 
B.C.), linen was dyed yellow with safflower (Carihamua iinctorius). 
The more important vegetable dye-stuffs—indigo and madder—did 
not appear till comparatively late: indigo in the 22nd Dynasty 
(900 B.c.) and madder during the Graeco-Roman period. Dyestuffs, 
however, can scarcely be include^l in the category of artists’ pig¬ 
ments until such time as wo find them being used in the form of 
lakes. 

Our knowledge of the pigments of antiquity is derived from the 
olassioal writers Theophrastus, Dioscorides, Pliny, and Vitruvius; 
from the various technical schedulas and recipe books that have come 
down to us; from the writings of Theophilus the Monk (eleventh 
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century) [6] and Cennino Cennini (fifteenth century) [6], and, not 
least, from the actual analysis of the materitds themselves. Analysis, 
indeed, is essential in order to understand many of the references in 
ancient literature, for there is often a confusion of nomenclature 
which can be very puzzling. For instance, the name “ minium ’* 
(red lead) was used at one time to mean either cinnabar or vermilion 
(mercuric sulphide); and cinnabar might memi vermilion, or even 
dragonsblood (a red gum resin from the east coast of India); and 
Thompson [7] refers to a recipe claiming to be a formula for azure 
blue which, when made up, results in the manufacture of vermilion! 

Roman Pigments 

One of the earliest scientific examinations of artists’ pigments 
was carried out by Sir Humphrey Davy [8] in 1816 on material which 
he collected, while in Italy, from the baths of Titus and other ancient 
Roman ruins. He obtained fragments of colour from the walls, as 
well as specimens of pigments found stored in pots, and among these 
samples he identified vermilion, red lead, various ochres, orpiment, 
yellow oxide of lead, a blue frit like the Egyptian Blue, copper greens, 
and, also, what he took to be Tyrian purple, the famous purple dye 
obtained from the shellfish, Murex, and regarded by the Romans, as 
well as the Greeks, as their finest colour. The blacks, and some of 
the browns, had a basis of carbon ; and for white, chalk and also a 
light clay seem to have been used. It is curious that white lead does 
not appear on the list, for historical records indicate that, in its 
synthetic form (i.e. the ultimate product of the corrosion of lead with 
vinegar), it was known from early times, and was available at 
Rhodes, Corinth, and Crete. Davy commented on the occurrence of 
lead compounds of widely varying hoe (there were yellows of the 
massicot type varying through red to orange), and he suggested that 
they might have been prepared artificially by roasting white lead. 
Be that as it may, he found no basic carbonate of lead, as such, among 
his specimens. The indeterminate nature of certeun of the colours 
on the external walls of the baths of Titus was also a subject of 
comment, and, although the colours were too far gone to be identifi¬ 
able by chemical analysis, Davy was of the opinion that they were 
of organic origin, mentioning in particular indigo. 

The Classical Dyestuffs 

The two colours, indigo blue and Tyrian purple, are representa¬ 
tives of dyestuffs obtained from natural sources and, although the 
former came, as its name suggests, from a phmt in India, and the 
latter from a shellfish in the .^gean, they are closely related in 
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chemical structure. T 3 rrian purple has a molecule like that of indigo 
save that, as becomes a substance from the sea, it has two bi*omine 
atoms in place of two of indigo’s hydrogen atoms. Known as the 
Imperial purple, because it was used to dye the togas of the Roman 
Emperors, good qualities were scarce and more costly than indigo, in 
spite of the fact that the purple dye is less durable. Plants of the 
Indigo family are widely distributed and, as the Woad plant (laatis 
tinctoria) also yields the same indigo blue as the indigo plant, 
blue became very common as a pigment as well as for dyeing 
purposes. 


Miniature Painting 

Indigo, Tyrian purple, and madder are examples of dyestuffs used 
extensively by manuscript painters in the so-called Dark Ages. The 
art of miniature painting developed about the sixth century, and had 
a clear run for a thousand years until the invention of printing, when 
it declined and, in the sixteenth century, disapi)earod altogether. 

The liturgical manuscripts of this period are monuments to the 
patience of the painter and calligrapher, and they are of the utmost 
interest in the study of pigments, because it Ls in miniature painting 
that we find pigments used in their greatest variety. There is such 
diversity of colour in Persian miniaturevS that it is impossible to guess 
at the source or process of extraction of many of the pigments. As in 
other forms of art, the inorganic pigments are easier to identify. 
Lapis lazuli (the true ultramarine) and vermilion were, for the manu¬ 
script painter, indispensable—^azurite, malachite, massicot, and 
minium being almost as important. Indeed, “ minium ” is the 
source of “ miniature,” a word at first restricted to mean the 
vignettes and ornamental flourishes found around capital letters, 
but now used in the widest sense to describe any small painting. 

Coloimng matters from the animal and vegetable kingdoms are 
very important in miniature painting because they are transparent 
and look their best on a light ground. They were used in two ways. 
According to the first method, the artist saturated a piece of cloth in 
the concentrated dye and when this had dried it constituted a con¬ 
venient source of coloured ink, for it could be easily transported and 
made to yield its colour by soaking for a few minutes in water. The 
second method involved the principle of lake-making, a necessity if 
the dyes were to be available as artists’ pigments as distinct from 
inks and stains. 

A yellow lake that seems to have been popular with the miniature 
painters was made from weld or Dyer’s Rocket {Reseda) by extracting 
the whole plant with alum and precipitating the concentrated extract 
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with an alkaline carbonate. A lake was deposited consisting of the 
yellow dyestuff struck on the base alumina, and this had only to be 
separated, washed, dried, and tempered with white of egg (glair) to 
be ready for use by the miniature painter. Bed lakes were obtain¬ 
able by the same process from the vegetable dyestuff brazilwood 
from ^ylon, or from the insect dyestuffs—^lao from India, or 
kermes which may have come from the Iberian peninsula, or from 
Polish scarlet grain. Cochineal was not available to the old world 
at this early period as it derives from an insect indigenous to Mexico. 
Some transparent colours were of particular interest regionally ; thus 
gamboge, the yellow gum-resin, came originally from China, and 
Indian Yellow (Purr(!'e) from Monghyr in India. The colouring 
principle of the latter is a salt of euxanthio acid. 

Bvoii Fresco 

Because manuscripts are rolled up and protected from exposure, 
colour could be exploited for its own sake in this form of painting. 
In fresco painting, however, precisely the opposite considerations 
held. Choice of colour hod to be restricted to pigments that would 
withstand exposure and that could be mixed with strong alkali with¬ 
out suffering any permanent change in appearance. This limited the 
fresco palette very scvei'ely. Yellow, red, and brown ochres were 
used, as well as a green earth and a frit bhie such as had been used in 
Egypt. If other pigments wore roquJi*ed, such as lapis lazuli, they 
had to be protected from alkali by grinding in an insulating medium, 
commonly an egg emulsion, and applied after the wall had dried. 
By the standards of the modem paint-box, this does not seem to 
afford an extensive range of colour, and yet some of the world’s 
masterpieces such as Raphsel’s frescoes in the Vatican, and Michel¬ 
angelo’s ceiling in the Sistine chapel, are executed in buon fresco. 
Less formal, and more intimate, are the scries of small fresco paintings 
by Fra Angelico in the Monastery of San Marco in Florence which, 
once seen, are never forgotten. Painted in the middle of the fifteenth 
century on the walls of a series of cells, they are, in colour and design, 
masterpieces of simplicity and, in their sotting, extraordinarily 
moving in effect. In bvon fresco the colour was applied to fresh lime 
plaster before it had time to dry ; in fresco secco the painting medium 
was lime water, and the word fresco ” indicates that the work was 
finished while the surface was still damp. One feels tempted to 
speculate on the possible variations that might have resulted had 
these artists had access to modem pigments that have a tolerance 
for alkali, notably the oxides of chromium and the various furnace 
colours which have a basis of cobalt. 
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Easel Pauntinq, Egg Tempera, and Oil 

Experiments with egg emulsion (i.e. with the whole egg as 
distinct from the white) soon demonstrated that this medium was 
superior in certain respects to white of egg and also to lime. Under 
the name of tempera painting, the egg technique was used for 
murals and also for the decoration of churcli furniture in the Middle 
Ages. Bright cool elFects were easily obtained. Tempera was at its 
best when the work was executed on i)anels previously covered with 
a white gesso. Finally, such panels were })ainted for thoir own sake 
and resulted in what we have come to call easel painting. 

Tempera painting develoj)cd in Italy, and it is the main process 
described by Cennino (Jennini. The pigments used were the local 
ochres, umbers, and siennas, terra verde, l^ozzuoli earth, Naples 
yellow, etc., supplemented by vermilion, lapis, copper greens, and 
blues, and a wide range of other pigments of inorganic origin. Many 
organic colouring matters had to be saerifioed r>wing to their tendency 
to change in hue or fade on exp<»sure to light. Even so, teuipi*ra 
painting, of which we possess many superb exam])les in the National 
Gallery, is characterised by a general liveliness and diversity of 
colour, as seen, for example, in Benozzo tJozzoli's “ Rape of Helen,” 
where the transparency and play of light ituninds one of a Persian 
miniature. 

Panel painting was, in due coui’se, superseded by painting on 
canvas. The Venetians were the first to use stretched canvas as a 
support for painting, but they could only procee<l with this innovation 
after the discovery of oil emulsions which kept the point flexible and 
prevented it from cracking when dry. 

We have seen, from a brief survey of the main historical processes 
of painting, that the choice of pigments is limited by the typo of art 
as well as by the medium in which the pigment is ground, and in this 
oil painting is no exception. It is essential that pigments used in 
this medium should be insoluble in linseed oil, otherwise disaster is 
sure to follow. One of the chief offenders in this respect among 
artists’ pigments is bitumen, which is soluble in oil and has been 
the ruin of many a good picture. The addicts of bitumen—and 
Reynolds is classed among these—are the despair of the picture 
restorer. Many of his paintings arc quite beyond redemption as, for 
example, The Infant Academy " in the Iveagh Collection, Ken 
Wood; the greater part of this, picture has disappeared from the 
canvas never to return. His pallid portraits, too, demonstrate the 
inevitable result of using the fugitive substance carmine in the form 
of a thin glaze. 



SCIBNOE PBOOBBSS 


252 

Equally important is the condition that oil paints should be 
mutually compatible, for in this medium the colours are freely mixed 
on the canvas, and incompatibility would result in an unsightly 
muddy effect. Artists, on the whole, displayed the greatest ingenuity 
in handling incompatibles without disaster. For example, verdigris 
and sulphide colours are incorapatiblos and yet they were used success¬ 
fully in the same picture locked up in isolating varnishes which 
prevented chemical reaction. El Qreoo was particularly successful 
in this respect, as is evident in nearly all his paintings. In time, the 
old masters, who were experts in selecting, grinding, and tempering 
pigments as well as in using them, gradually developed a range of 
pigments which could be used with safety in easel painting. They 
acquired this ability by working through a long apprenticeship in 
what was virtually a studio-laboratory, long before the age of 
chemical invention and the advent of the artists’ colourman. 

Paint in the Chemu'ai, Era 

The year 1700 is a turning point in the history of pigments. A 
hundred years and more had passed since the last of the great 
Italians, Tintoretto and Paolo Veronese. The seventeenth century 
had seen the passing of Rubens, van Dyck and Teniers, Frans Hals, 
Cuyp and Rembrandt, Poussin and Claude, Velasquez and Murillo, 
and, although Hogarth and the British School had still to come, the 
interest at this point tends to move from the studio to the laboratory 
—to Diesbach’s laboratory in Berlin where, in 1704, Prussian Blue 
was made for the first time; an event which signalised the era of 
chemical invention. For various reasons, however, it took the best 
part of fifty years for Prussian Blue to become generally available 
for artists’ use. 

In 1761, Courtoise of Dijon first manufactured oxide of zinc, and 
in 1780 Binmann found that by tincturing it with cobalt oxide he 
could prepa>re a very stable green pigment (cobalt green) which is 
one of our most satisfactory pigments even to-day. Qettens and 
Stout remark in their Encychpeidia of Painting MaUrUda that ” it was 
not until after the middle of the nineteenth century, when zinc 
oxide became available in large quantities, that cobalt green in turn 
became commercially possible.” The lapse of. time between the 
discovery of a pigment suitable for artists’ use, and its appear¬ 
ance in painting, may be an important factor in deter min ing the 
authenticity of old paintings. 

In Hie case of cobalt blue, which Th^nard first prepared in 1802 
by roasting alumina with a cobalt phosphate, there was no delay 
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between discovery and use, for the ingredients were readily available 
and a good blue pigment was badly needed. 

It is to the French chemist Louis Nicolas Vauquelin that we owe 
the discovery of chromium, so aptly christened the colour element, 
and it was he who first described the various lead chromates and the 
lemon yellows (barium and strontium chromate), and also green 
oxide of chromium, but it was not until exactly fifty years later 
(in 1859) that Cuignct took out a patent for making viridian, the 
hydrated oxide. These compounds of chromium are among the 
most useful artists* pigments of all time because they provide, 
directly, a wide range of yellows and two very stable green colours 
and, indirectly, in admixture with Prussian Blue, a valuable range 
of greens known as the Brunswick or chrome greens. It was 
Vauquelin also who first analysed the vivid blue material found by 
Tassaert in the ovens of an alkali works, and who demonstrated that 
it was an artificial ultramarine. He did not, however, qualify for 
the prize offered by the Soci6t6 d’Enoouragement pour Tlndustrie 
National for the manufacture of a S 3 mthetic blue which would have 
all the virtues of the famous lapis lazuli as well as being cheap and 
reliable. That was won by Guimet in 1828; and it is one of the 
accidents of scientific discovery that ultramarine should have been 
synthesised entirely independently and about the same time by 
another chemist, Grnelin of Tubingen. History, however, has since 
recognised that Guimet and Grnelin share the honours. 

A bewildering array of new pigments was produced during the 
first half of the nineteenth century, and it came to be recognised that 
discrimination was required on the part of the artist if he wished his 
work to be permanent. It was the more difficult for him in that he 
had ceased to make his own paints, and had to rely on the profes¬ 
sional colounnaker who was not obliged to supply pigments in 
accordance with chemical description or formula. 

Advent op Artists’ Colourman 

The artists’ colourman, as he came to be called, made it his 
business to supply the public demand for painting materials of all 
kinds, but he safeguarded the interests of the artist by specialising 
in the production of permanent colours under laboratory control. 
Indeed, as long ago as 1834, the firm of Winsor & Newton (jokingly 
described by Thackeray as “ Messrs. Soap & Isaac ” !) produced a 
dense form of zinc oxide which they christened Chinese white, and 
they are also responsible for the fine yellow potassium cobaltinitrite 
called aureolin. Messrs. Rowney & Co. produced cobaltous stannate 
which they called cceruleum, a valuable addition to the palette. 
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Other diflooveries of this half-century were emerald green and 
cadmium yellow. Alizarin had been isolated &om madder root in 
1826, and it might have been thought that the artist was now 
supplied with colours in full measure when, in 1856, Sir William 
Porkin discovered mauve, the first dyestuff to be obtained synthetic¬ 
ally in the laboratory. 

CoAii Tar Dyestuffs 

The era of the coal tar dyestuffs began with mauve. A number 
of new dyes appeared in quick succession—magenta, eosine, and 
many others. The lake makers produced from eosine a treacherous 
pigment called geranium lake, still available commercially, but which 
no artist of repute would use to-day. So fugitive was this colour, 
and certain others of the same class, that attention was focused on 
tile stability of painting materials in general, and especially on the 
resistance of pigments to fading. If a colour tends to be fugitive, 
this will bo demonstrated most readily if it is finely ground and 
mixed with white or, alternatively, if it is exposed in thin washes on 
a white ground, as in watercolour painting. In fact, it was in this 
technique that attention was first drawn to the relative impermanence 
of certain artists’ pigments. 

About 1886 the fading of watercolours began to be regarded os a 
serious matter. Following a tremendous outburst in the correspond¬ 
ence columns of The Times, a Government enquiiy was instituted, 
and Dr. W. J. Russell and Captain W. Abney were entrusted with 
the task of examining a large numlier of pigment washes exposed 
under different conditions for vaiying lengths of time. Meantime, 
the battle of words continued regarding the proper treatment of 
drawings, such as those of Turner, which were prone to fade. At 
length, in 1888, the results of the enquiry were published as a Blue 
Book entitled Action of TAght on Watercolours, which comprised a 
physical survey of the behaviour of pigments in common use. The 
sequel was to have been a chemical survey which was never carried 
out. Sir Arthur Church, however, as Chairman of a Committee of 
the Burlington Fine Arts Club, continued the work. Important 
conclusions were obtained by a re-examination of the original test- 
pieces prepared by Russell and Abney. The examination was carried 
out after the test-pieces had been exposed continuously for thirty 
years, and the results were summarised by T. H. Russell, son of the 
original investigator, and J. Scott Taylor, chief chemist of Messrs. 
Winsor ft Newton, under the title The Permanence of Water-colour 
Pigments [9]. They found that, after exposure for this extended 
period, the following colours had suffered no permanent change: 
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Prussian Blue, Antwerp Blue (Prussian Blue Lake), Leitch’s Blue 
(l^ssian Blue and cobalt blue), vermilion, Venetian Red and 
barium chromate (known as lemon yellow). 

The following had largely disaj)peared : 

Carmine, crimson lake (cochineal), Vandyke brown (a bituminous 
earth) and brown pink (a lake from quercitron bark). 

It was further observed that there were bordcrb'ne })igments that 
were to be avoided by artists unless they were prepared to use them 
in full power, that is, other than in the form of thin washes. The 
conclusion of the whole matter was that, apart from certain undesir¬ 
able colours which should be eliminated, the artists' pigments of the 
period could bo relied on if chosen with care and used with discretion. 

Durability Tests 

These enquiries, in which chemists, artists, and artists’ colour- 
men participated, have been of the greatest service in ensuring that 
reliable pigments are available to the practising artist. The leading 
colourmon of to-day publish a chemical description of their pigments, 
as well 08 arbitrary classifications for oil and watercolour indicating 
which pigments may be grouped as 

(1) Permanent ; 

(11) Reasonably durable; 

(111) Impermanent under certain conditions. 

The durability of pigment in oil is, to a greater extent than in water¬ 
colour, a function of the medium, and committees of artists and 
scientists, under the aegis of the Royal Academy, have made critical 
surveys of the oolourmen’s lists, concluding that they can bo accepted 
with confidence. 


Recent Pigments 

Of the modem additions to the palette, the requirements of 
stability can be satisfied in the highest degree among the cadmium 
scarlets, which came into production about 1910, and in the phthalo- 
cyanin or Monastral colours, which have been known since 1938. 
And there are other colours, hke molybdenum orange (a molylxiate- 
modified lead chromate) dating to 1939, and perhaps manganese blue 
(barium manganate and sulphate) dating to 1935, that are at present 
of little more than theoretical interest but may well have a future in 
the studio. On the other side of the account, we must realise that 
the menace of cheap pigments will always remain, and it presents 
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to-day at least as serious a problem as it ever did, because it is so easy 
for the unscrupulous manufacturer to use organic stainers to fortify 
inferior colour. 

We have traveDed some 16,000 years down the centuries since 
the da 3 rs when our ancestors decorated the cave walls at Altamira. 
As it happens, they chose colours which are permanent but, as we have 
seen, the history of artists’ pigments concerns itself just as much with 
colours which have not the same degree of permanence. Pigments 
are chosen primarily for their hue, but, whereas the old masters took 
a hand in converting pigments into paint, and devised ways of using 
paints so as to ensure their permanence, the present-day artist is no 
longer interested in being a craftsman in this sense. Unable to 
resist the wonderful array of colours made up by the colourman, too 
often he overrates their durability, and needs to be reminded that 
the finest paintings were executed in a simple scale of traditional 
pigments, the limitations of material only serving to emphasise the 
magnificence of the achievement [lOJ. 
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ELECTROLYTIC CONDUCTION IN GLASS 

By V. L. KIRBY, M.Sc., A.Inst.P. 

ReMMfeh Phyneitt, JamtB A, JoUlng A Co., Ltd. 

At normal temperatures glass exhibits electrical properties charac- 
teristic of an insulator, and the surface conductivity effects are 
usually of greater magnitude than those associated with true volume 
conductivity. Following the original discovery that appreciable 
electrical conductivity may occur in glass at elevated temperatures 
a considerable quantity of experimental work has been published.* 
It is now generally accepted that the conduction process is electro¬ 
lytic in nature. 

Experimental results covering many aspects of the physical 
behaviour of glass have encoiiraged a vigorous discussion * of the 
nature of its atomic structure. Studies of the electrical properties of 
glass have contributed their share to our knowledge of the vitreous 
state of matter and the suggestion that conduction in glass is 
concerned with the motion of charged ions is generally in accord 
with present theories of glass structure. 

In recent years electrical conduction in glass has been developed 
as the basis of more than one industrial process, the imi>ortanco of 
which is acknowledged in the glass industry. It is appropriate, at 
this stage, to outline the important experimental facts, to refer 
briefly to their theoretical implications and, in contrast, to mention 
the resulting technological developments. 

The Structueb op Vitreous Matter 

If an attempt is made to review the experimental work in the 
light of modem ideas of the atomic arrangement in glass, one must 
first admit that, as all the work in this field is of recent origin, the 
theories are generally held to be of a speculative nature. However, 
the majority of authors have taken, as a basis for their work, a 
structu]^ picture originally advanced by W. H. Zachariasen [1]. 
The main feature of Zachariasen’s theory is his suggestion that the 
atoms constituting a glassy structure are arranged in a random 
lattice. Vitreous silica, a single-component glass (and the main 
* See genered references. 
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constituent of many commercial glasses), with the formula SiO„ 
is supposed to consist of a network of silicon and oxygen atoms 
with voids which, in more complex glasses, contain other atoms 
as in the soda-silica glass shown in Fig. 1. Each silicon atom 
is centrally placed with respect to four oxygen atoms lying at the 
comers of a tetrahedron. An oxygen atom then belongs to two such 
imits. The satisfaction of valency requirements, which is better 
considered as a condition of minimum potential of each atom in the 
general field of interatomic forces, is thus seen to account for 

the occurrence of the Si 04 
tetrahedral unit. This unit 
invests the lattice with a 
certain degree of small-scale 
regularity. The constancy of 
both the interatomic distance 
and the angle between 
adjacent atom directions, a 
feature which is characteristic 
of the crystalline state, is, 
however, absent in a glassy 
structure. This results in a 
lack of large-scale order, to 
which is attributed the diffuse 
nature of the X-ray patterns 
[2] of vitreous materials. 
Other atoms present in the 
glass are assumed to lie 
in the larger pockets of 
the silicon-oxygen network. 
Typical glass forming oxides, 
SiOg, BjO, and others, give 
rise to the lattice network 
proper, while the positive 
ions fiom other common constituents such as the alkali oxides 
occupy interstitial positions [3]. The requirements which must 
be satisfied by potential network formers have been discussed 
by Zachariasen and amplified by J. M. Stevels [4]. Within the 
lattice structure of a glass the conditions affecting the behaviour of 
any atom will range from those found in polar crystals of the sodium 
chloride type to those in the more covalent type of crystal-lattice. 
On this picture it is not difficult to account for the phenomenon of 
electrolytic conduction in glass. It would appear possible that an 
♦Warren, B. E., and Bisooe, J., J. Am. Ceram. Soc., 21, 269, 1938. 



^Silicon OOxygen. (^Sodium 

Pio. 1.—Schematic ropresentation in two 
dimensions of the structure of soda- 
silica glass. 

{ApM/r Wakkjcn afid Bipcox,* bated on 
ZACiiAKUijXN’H theory,) 
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interstitial ion with sufAcient thermal energy might penetrate a 
neighbouring potential barrier in the network and migrate into 
another pocket, attaining a new equilibrium position. Considera¬ 
tions of the ionic radius and charge of an alkali ion, such as sodium, 
lead to the conclusion [4] that such an ion would have greater 
mobility than the true lattice atoms, which are subject to greater 
cohesive forces. On the application of an electric field the random 
diffusion of metallic ions is biased in the direction of the field and it 
is the net transfer of these ions which accounts for the passage of 
current through the glass. Sodium is found to bo the main cause 
of volume conductivity in most glasses, and, in general, an increase 
in the sodium content of glass will bo accompanied by an increase 
in conductivity. An account of the dovolopmciit of these ideas 
has been given by J. T. Littleton and (1. W. Morey.* 

Tonic Conduction 

Electrical conduction in glass is accompanied by phenomena 
normally associated with electrolytic conduction. The occurrence 
of electrode polarisation effects, on the application of unidirectional 
fields, is readily demonstrated. Fig. 2, Plato I, shows a small bead 
of common soda-lime-silica glass into which were sealed two platinum 
wires. This bead was heated in a bunsen flame and the wires con¬ 
nected to a 2-volt accumulator. As the temperature of the glass 
increased, the glass showed greater conductivity and a current of 
100 microamps was observe<l. This value, however, rapidly de¬ 
creased and to maintain an appreciable flow of current the tempera¬ 
ture of the bead had to be continually increased. On removal from 
the flame, examination showed that the platinum wire by which 
the current entered the glass was surrounded by small bublflcs. 
These bubbles, which identify the anode wire, are seen in Fig. 2, 
and cause a decrease in the overall conductivity of the anode region. 
The bubbles have been found to consist of oxygen gas which is 
liberated in amounts in accordance with Faraday’s Law [5]. A 
corresponding quantity of sodium (the positive ion) is deposited 
at the cathode. The polarisation effects can be avoided^if electrodes 
of the “ replaceable ” type are used, and early workers [6] achieved 
success along these lines by using electrodes of sodium amalgam. 
The glass was in the form of a test-tube with internal and external 
electrodes. In this case the anode will supply sodium ions to the 
glass and the cathode will continually absorb the deposited metal. 
There is no liberation of oxygen and no polarisation occurs. It 
will be noticed that the electrodes are only required to exhibit 
* Seo monograph listed under general references. 
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lodium solubility, and here we have evidence that the sodium ion 
is entirely responsible for the transit of electrical charge. The 
transport number of the sodium ion is thus unity, and that of the 
negative oxygen ion is zero. 

By utilising a method originated by Burt [7] and developed by 
several other workers [8], relatively simple apparatus will suffice 
to verify the validity of Faraday’s law in the case of the migration 
of sodium ions through glass. The circuit diagram of the apparatus 
is shown in Fig. 3. The glass envelope of a clear 60-watt electric 
lamp is the medium in which the sodium ion movement is to be 
studied, and is suspended with the glass bulb immersed to a depth 
of 1 inch below the surface of a bath of molten sodium nitrate- 


230 1'. A.C 



Fiu. 3.—Fleetrolyaifl of sodium through the envelope of an electric lamp. 

sodium nitrite eutectic. This low melting point salt mixture, 
contained in an iron bath, is the source of the continuous supply of 
sodium ions which migrate into the glass. The iron bath is the 
anode of a compound electrolytic circuit and is connected to the 
positive end of a high-tension battery, the negative end of which is 
connected to one of the filament leads. The filament, now the 
cathode, is heated by direct connection to the mains, and emits 
electrons which, under the influence of the applied electric field, are 
directed outwards and impinge on the inner surface of the bulb. 
The direct current circuit is now complete and if the temperature of 
the glass envelope is raised to about 200° 0. an appreciable current 
will fibw. The sodium ions arriving at the inner surface of the 
bulb are neutralised by the electrons, and pure sodium metal is 





Flu, 4.—Modular dopoail ol bouium m 
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Fni. 7.—KU'ctriral welding of ^Iuhs (‘yli!i(k*rs in latbo. 
{by courieny of Curmwt Ukuif Ifc/rilvi.) 
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deposited. It is found that at the temperature in question the 
sodium evaporates and is deposited on the cooler parts of the bulb. 
A photograph of a bulb at the conclusion of such an experiment is 
shown in Fig. 4, Plate I, where the sodium is seen as a nodular 
deposit. By careful weighing, the amount of sodium deposited in 
the bulb can be obtained and from the known quantity of electricity 
used during the electrolysis the electrochemical equivalent of sodium 
is evaluated. In one particular experiment the author obtained a 
value of 0-000237 gm. per coulomb, which lies within 0-6 per cent., 
of the figure given by the Electrochemical Society. Several writers 
have used this method to support their contention that the conduc¬ 
tion is electrolytic, but this assumes that only one metal is deposited 
in the bulb. It may be possible for potassium or lithium ions to 
migrate through the glass and form part of the metallic deposit, 
their place in the glass being taken by incoming sodium ions. In 
this case the atomic weights of the foreign ions must be taken into 
accoimt before comparing the measured electrochemical equivalent 
with accepted values, in assessing the extent to which the process 
is electrolytic. In one experiment [8] no potassium was detected 
in the metallic deposit by spectroscopic analysis and this result adds 
strong quantitative evidence of the ionic nature of the conduction 
process. 

Some time ago H. H. Poole [9] gave evidence of a non-ionic 
conductivity in glass. His work was carried out at room tempera¬ 
ture using very high field strengths. It is now known that many 
dielectrics exhibit electronic conductivity at field intensities ap¬ 
proaching the breakdown voltage. If it is proved that, in the 
presence of high potential gradients, glass conductivity departs 
from its otherwise purely ionic character (possibly accompanied by a 
deviation from Ohm’s law), the value of the electrolytic conductivity 
theory as an explanation of the usual phenomena is not decreased. 
It is, for example, known that glass may emit secondary electrons 
under high-energy electron bombardment, and glass with Ugh sodium 
content if used in high voltage rectifiers is liable to suffer electrolysis 
by the action of impinging electrons [10]. 

CoNDUOTIVITY MsaSUBBMBNTS 

Measurements of the conductivity of glass are grouped into two 
classes, those dealing with surface conductivity * and confined to 
measurements in the region of room temperature, and those con¬ 
cerned with volume conductivity where the effects to be studied 

* See comprehensive study by E. Seddon, W. J. MitoheU, and W. E. S. 
Tomer, J. 8oc. Qla$a Tech., 23, 197, 1989. 
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are intrinsio properties of the glass concerned. The latter include 
measurements over a wide range of temperatures and the specific 
resistance of the glass undergoes considerable variation. At room 
temperature, where glass is a typical insulator, the resistivity varies 
from about 10** ohm cm., for a common soda-lime glass, to 10** 
ohm cm., for vitreous silica. For the soda-lime glass this value has 
dropped to unity at between 1200° 0. and 1400° 0. 

It is of interest to compare one feature in the design of the 
conductivity measuring apparatus which should differ at opposite 
ends of this wide temperature scale. When the glass possesses 
extremely high resistivity, care is necessary to eliminate the effect 
of dielectric absorption currents from the measurements. The 
sample of glass under examination should be long and of small cross- 
section so as to reduce the electrical capacity. Only direct currents 
can be used, for with alternating currents the half-cycle period is 
not sufficient to allow the full decay of the anomalous charging 
current—a process whioh« 3 ometimes takes several hours. 

At higher temperatures the material is no longer a dielectric and 
the main requirement is to avoid electrode polarisation. In this 
case alternating cmrents are preferable. To decrease the danger 
of polarisation occurring during the short space of time during which 
the current is unidirectional, the current density is kept small. 
This entails the use of a specimen with high capacity—^in contrast 
to the previous requirement. 

Temfbbaturb Variation 

The variation of the resistivity of many different types of glass 
has been studied over wide temperature ranges. An equation of 
the form 

, A 

log ^ + B 

was originally proposwl by E. Rasoh and P. W. Hinrichsen [ll] 
to express the variation of p, the specific resistance, in terms of T, 
the absolute temperature, where A and B are constants depending 
on the composition of the glass. Over limited temperature ranges 
tiiis expression can be applied to any glass, but over wide ranges of 
temperature the characteristic variation of resistivity when plotted 
in this manner is not linear, but is of the form shown in I^‘g. 6. 
There is a small but significant curvature in the relationship at high 
temperatures, and it will be seen that the low-temperature resistivity 
Is dependent on the previous heat treatment of the specimen. 

If, in the high-temperatmre region, the actual temperature of 
the glass is imagined to change instantaneously, the properties of 
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the material will almost immediately assume values appropriate to 
the new temperature. However, if a similar operation is carried 
out in the annealing range, a measurable time interval must elapse 
before the final properties are apparent; that is, before the glass is 
** stabilised.'' The stabilisation rate is very rapid at temperatures 
above the annealing range and is impracticably long at lower tem¬ 
peratures. In cooling a specimen of the glass at constant rate a 
temperature is reached at which the rate of cooling is of the same 
order as the rate of stabilisation. Below this temperature the glass 
will not attain full stabilisation and the temperature/property graph 
shows an inflection as in Fig. 5. Some sort of structural configura- 



Fxg. 6.—Tomperaturo variation of resistivity. 
The temperaturefl given are approximate and would 
vary with the oompositlon of the glaas. 


tion has been frozen in " at the temperature where the inflection 
occurs. The rate of cooling determines this temperature below 
which stabilisation is not achieved and the effect on the specific 
resistance is shown in Pig. 6 for two different rates of cooling. 

It is known that rapid cooling of glass, resulting in the formation 
of sharp temperature gradients during the transit through the 
annealing range, results in a final specimen with severe internal 
stress. The relatively low resistivity of chilled glass, however, is 
not directly associated with the presence of this stress. It can be 
shown that mechanical strain up to the breaking point has negligible 
effect on the electrical conductivity. The appearance of the 
anomalous conductivity variation of chilled glass is attributable to 
a fundamental structural change associated with the random atomic 
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network. The state of the theories dealing with this problem has 
been reviewed by G. 0. Jones [12], and among the interesting 
attempts to explain the phenomena are those of S. M. Cox [13] 
and B. W. Douglas [14]. 

Technical Dbvblopbibnts 

From the foregoing it might well be imagined that if by some 
means the temperature of glass is raised to the point where apive- 
oiable current will flow without the use of excessive voltages, 
then these currents may produce sufiicient heat in accordance with 
Joule’s law to maintain or increase the glass temperature. This is, 
in fact, possible and forms the basis of recent developments of groat 
industrial significance. 

It is essential that during any form of electrical heating the 
glass must not be subject to polarisation effects ; hence we find that 
alternating currents are used exclusively. 

The attainment of a sufliciently high temperature is the basic 
requirement of two main processes which go to the making of any 
article of glassware. The initial process, that of melting the raw 
materials and the rendering of the melt homogeneous and free from 
gas bubbles, is one which has seen continual progress throughout 
the history of the glass industry. The subsequent gathering and 
shaping of the article is, in many cases, followed by reheating for 
the purpose of additional glass-forming and finishing operations. 
Within the last ten years striking advances have been made in both 
of the two processes mentioned by the direct application of electrical 
power to the problem of heating the glass. On the one hand, we 
have the ever-incroasing use of electricity for the large-scale melting 
of glass in continuous tanks, particularly in France and Switzerland 
where the electrical power is available at low cost from hydroelectric 
sources. During the same period the Coming Glass Works in the 
United States have developed a remarkable process consisting of the 
high-frequency electric welding of glass parts for the fabrication of 
many types of glass apparatus. 

E. Meigh has described [16] the progress of the electric melting 
process, from the installation of the first eleotrioal tank (making 
sheet window glass) at Bomont m 1938 to the present day, when 
large niunbers of glass furnaces use electricity as a main or auxiliary 
source of power. 

Ill one particular application there is no radical change in the 
design of the melting tank. The raw materials are fed in at one end 
and pass through the melting zone with flames from oil or producer 
gas hazneia impinging on the glass surface. After remaining in this 
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zone for the necessary fining period, the glass flows under a bridge 
wall into the working end of the tank, where it remains ready for 
gathering at a lower temperature than that required in the melting 
end. The modification to this type of continuous tank to effect 
auxiliary electrical heating consists in the addition of large graphite 
electrodes passing through the walls or floor of the tank and protrud¬ 
ing for some distance into the molten glass, shown diagrammatically 
in Pig. 6. The conductivity of the glass is such as to permit the 
passage of alternating currents between the electrodes. It is most 
fortunate that the conductivity of the glass at temperatures neces¬ 
sary for melting and fining is such that normal potentials of one or 
two hundred volts induce satisfaclory heating currents in the glass. 

Variations to this typo of melting tank are found. In a second 


Met ting End Working End 



Electrodes Bridge Wall 

Fio. 6.—Diagram of glasfi molting tank with “ rrown ” romovod, showing 
graphite oleotrodes for auxiliary olootrio heating. 


process the electrical heating is applied to the glass after it has passed 
iiom the main furnace, where it is heated by oil or gas fiames, into 
small compartments built on to the main tank. 

The advocates of electric melting claim a very considerable 
intnease in the output of a glass melting tank when auxiliary elec¬ 
trical heating is applied, and the quality of the glass produced is 
said to be very high. 

A contemporary development constituting the application of 
electrical heating to glass-forming and finishing operations has bera 
made by the Coming Glass Works. The specialised techniques, 
which are the result of many years of intensive research, are de¬ 
scribed by E. M. Guyer [ 16 ], who emphasises the advantages to be 
gained over more conventional methods of glass working. It is 
not possible to describe here the many processes to which the tech¬ 
nique has been apjdied, but we will outline the essential details of 
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one common operation involving the end to end sealing of two glass 
oylinders. When the diameter and widl thickness of the cylinders 
are too great for easy hand manipulation, it is usual to mount them 
in a gh^ lathe so that they rotate at the same speed. The two 
oylinders can be brought into contact by the operator and oxy-gas 
crossfire burners playing on the rotating junction heat the neighbour¬ 
ing glass to the necessary sealing temperature. Having effected 
a preliminary seal, the operator manipulates the hot glass by using 
relative axial movement of the oylinders and exerting slight internal 
air pressure, until a joint with even wall thickness is obtained. In 
oases where the cylinders have diameters of 12 inches or more the 
quantity of glass to be heated is such as to require powerful high- 
temperature gas burners. 

High-frequency electric welding when applied to such a problem 
results in greatly decreased heating time and the quality and strength 
of the final joint shows an improvement on the results of conventional 
sealing methods. The powerful burners are replaced by small oxy- 
hydrogen flames coming from electrically insulated burners at 
opposite sides of the glass oylinders. The burners are connected to 
a powerful high-frequency generator and are maintained at an 
alternating potential difference of 10 kilovolts or more. The use 
of high frequencies for this type of work is accompanied by technical 
advantages and does, of course, prevent otherwise fatal accidents 
should the operator come in contact with the burner-electrodes. 

The small flames are insufficient to melt the glass, but they do 
raise the temperature into the region where the glass behaves as a 
high-resistance conductor. At this stage the power is switched 
on, and the flames act as gaseous conductors carrying the high- 
frequency discharge from the burners to the ring of conducting 
glass. In a very short space of time this ring of glass is heated, by 
the current passing round it, to a temperature suitable for sealing. 
Only a very restricted zone of the glass is subject to the heating 
current and by adjustment of the electrical circuit very accurate 
control of the heating process is obtained. The small oxy-hydrogen 
flames act as series resistances in the heating circuit and can be 
adjusted to effect satisfactory matching with the generator circuits. 
It should be noticed that in contrast to the more usual flame-heating 
methods the heat is produced by the current inside the glass and 
deep heat penetration is achieved with even the thickest sections. 
The seal will be made with fewer gas occlusions than are found 
when the operation relies 8(^y on the heat obtained from an 
external flame; thus the electrical method results in a flnal joint 
with greater strength. In IHg. 7, Plate II, the operator is tising an 
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insulated graphite pad to obtain a smooth outer surface in a sealing 
operation of the type described. 

Conclusion 

A present-day survey of the field in which use is made of electrical 
conduction processes in glass illustrates that the development of the 
subject has taken characteristic and satisfactory lines. The early 
results have contributed to the growth of theories of glass structure 
and technical operations of considerable importance have been 
developed. The experimental examination of the conductivity of 
glass under the regular variation of physical conditions covering 
wide ranges of glass composition is far from complete. Several 
writers encourage work of this nature, emphasising that, arising 
from an ionic process, the results will influence the further develop¬ 
ment of our knowledge of the atomic structure of glass. Admittedly 
the industrial developments described received considerable impetus 
from the urgent needs of the last war, but they do illustrate the 
natural application of the results of fundamental research to the 
solution of industrial problems. Here again, further research on the 
possible use of dielectric heating and induction heating in glass 
technology has already been reported [17], 
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INTERNATIONAL CONFERENCE ON 
SCIENTIFIC ABSTRACTING 

By L. H. LAMPITT. D.Sc.. F.R.I.C., M.I.Chkm.E. 

For several years a group of persons interested in abstracting in 
the Medical and Allied field has l>een working with the object 
of standardising abstracting and developing collaboration between 
various abstracting agencies. Starting as a small meeting of about 
three people, aided by secretarial help offered by UNESCO and 
with the enthusiastic support of an officer of the Natural Sciences 
Division, namely, Madame Zhukova, the movement resulted in the 
Co-ordinating Committee on Abstracting and Indexing Medical and 
Biological Sciences. It may bo said that this series of meetings 
stimulated the International Conference on Scientific Abstracting, 
which met in Paris under the auspices of UNESCO in June last 
year. As a result of the discussions, a “ Final Act ’’ has been 
issued, which has been published in England in Chemistry and 
Industryy and which details the result of six days' intensive study 
of the subject by 250 delegates and numerous “ observers." 

Certain points must be held in remembrance when considering 
this “ Final Act." For example, it was stressed by the elected 
Chairman, Dr. Alexander King (Scientiiic Adviser to the Lord 
President of the Comicil), that the main consideration was the 
viewpoint of the user. How can that point of view be envisaged ? 
As it happened the most vocal representatives were librarians, and 
therefore thei’e is perhaps a definite bias in this “ Final Act " 
towards the desires of librarians, librarians in charge of vast organi¬ 
sations, mostly Government establishments. A second point is that 
it must be recognised that the only highly developed abstracting 
agencies are in the field of Chemistry ; there is nothing comparable 
in size, in any other branch of science, to Chemical Abstracts (pub¬ 
lished by the American Chemical Society) and British Abstracts 
(publish^ by the Bureau of Abstracts). Many, therefore, of the 
recommendations in the ** Final Act " appear needless to those who 
are concerned with Chemistry. A third point is that agreement 
had to be secured between representatives of nations well grounded 
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in science, and those who represented countries where science is 
but in its infancy. Moreover, agreement also had to be secured 
between chemists and botanists, geophysicists and agriculturalists, 
between those sciences with a comprehensive abstracting service 
and those with practically none. It cannot, therefore, be a source 
of wonder that the results are largely of a general character and 
deal with aspirations and ideals rather than with practical decisions. 

The present situation as seen by the Conference was defined as 
follows : 

‘‘ There are many hundred journals containing abstracts. 
Some cover a wide field, others specialize. There is some duplica¬ 
tion, yet many gaps exist. Scientists in some countries do not 
have direct access to enough abstracts. Information published 
in some languages is abstracted many times over, while that 
in others is insufficiently covered.” 

Surely the size of the problem is great, the sphere of activity vast! 

Furthermore, the objectives of abstracting were defined in two 
sentences : 

“ (a) Complete coverage by abstracts of all papers containing 
new information. 

(6) Adequate access to abstracts, both for current information 
and back reference, for all scientists in all countries.” 

But abstracting, and subsequent indexing, is only the last stage 
in a series of operations of which the first is the publication of the 
original work in a scientific journal. (Consequently, much time was 
devoted to questions not directly concerned with abstracting, but 
useful to abstracting agencies in the furtherance of their work. 
Stressing the necessity for free intercourse of scientific literature, 
the Final Act requests UNESCO to continue its efforts to stimulate 
this exchange. It is obvious that this, the free interchange of 
knowledge, can be achieved by three methods, purchase, exchange 
and free gifts. And herein is seen the first difficulty. All abstract¬ 
ing services of any size are in financial difficulties, or perhaps one 
might say more diffidently that the economic situation is difficult. 
Scientific societies in this and many other countries can no longer 
afford to give freely of their publications, and therefore the aid 
of UNESCO, were it available, would be of extreme importance. 
Moreover, the actual cost of abstracting is a serious factor and many 
methods of reducing this cost were fully considered. One such 
method is concerned with the direct use of authors’ synopses, a 
method disliked both by Chemical Abetracts and by British Abstracts, 
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but used almost entirely by Biological Ahstfocta, The ‘‘ Final Act 
gives cogent advice on the production of Authors’ synopses and 
stimulates the editors of journals to develop such synopses. Herein 
is a great work, but it must bo remembered that it throws much 
more strain on the already overworked editors. Editors can, how¬ 
ever, help abstracting services by attention to the presentation of 
original articles, a point recognised as fundamental by the conference. 
Standardisation of terminology, provision of polyglot dictionaries 
and such like questions and a host of other minor points complicate 
the issue. 

The user, or librarian angle was, as stated above, very much 
stressed. Those who have seen the brochure produced under the 
auspices of the Royal Society, detailing the list of journals in England 
which are c6ncemed wholly or partly with abstracting, will appreciate 
the resolution that UNESCO be requested to promote the publica¬ 
tion at least every five years of a directory of indexing and abstract¬ 
ing services, accompanied by suitable indexes, with details of title, 
fields of suitable indexes, type of service and many other details, 
and moreover UNESCO was urged to encourage the publication of a 
comprehensive world list of scientific publications, for the old list 
covered publications only to the year 1900. That such things are 
desirable there is no doubt, but the cost in time and money is 
considerable, and the more the problem is studied, the more insoluble 
it appears to be. One, too, is bound to consider how far all this is 
planning for planning’s sake. The difficulty of the librarian can be 
understood, but there were many delegates who regarded some of 
the decisions as an attempt to spoon-feed the research worker. 
The language difficulty too was stressed. If this be looked at 
squarely it should not bo too impossible to find a simple solution. 
Even English chemists a few years ago could read scientific French 
and German and therefore used abstracts in those languages. Why 
cannot therefore English, in which by far the greater proportion of 
new work is published, be the language for abstracts, and if abstracts 
in other languages be needed, let it be the task of the nation con¬ 
cerned to produce translations. 

Other points in this connection which appear in the “ Final Act ” 
stress the desirability of abstracting services publishing lists of 
periodicals abstracted (this is done by Chemical Abstracts and by 
British Abstracts), UNESCO to promote publication of consolidated 
lists of periodicals abstracted, publications on a regional or national 
basis, lists of current periodicals and serial publications of the 
region, publications of lists of references and tables of contents. 

It is perhaps well to quote in detail the recommendation regarding 
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Regional Committees on Abstracting, as this is concrete and may 
result in positive action : 

“ It is recommended that UNESCO approach, through the 
National Commissions of its Member States or other suitable 
channels, scientists and abstracting agencies in each country with 
a view to constituting standing committees on science abstracting 
which would be either national or regional depending upon 
agreement among several countries. These committees should 
operate on a voluntary basis and the cost should be kept low. 
They should be free to correspond directly with each other, with 
UNESCO, with the international scientific imions and with any 
other bodies they choose. 

Their primary function would be to study abstracting with a 
view to ensuring adequswsy. In particular their aims should be 
that: 

(а) Scientific publications published in their own region are 

adequately listed and abstracted; 

(б) Scientists in their own region are adequately supplied with 

abstracts of papers published in foreign countries ; 

(e) The recommendations of this Conference are considered 
and implemented where possible.” 

It will be seen that this lays a duty on the national body repre¬ 
sented on UNESCO. In our case it is the Royal Society which 
through its Advisory Consultative Committee on Abstracting has 
already acted, and through which the British delegates to the 
UNESCO Conference were briefed. It can bo said quite definitely 
that it was the example of the British Committee which stimulated 
the Congress to adopt this resolution. 

There is, however, the subject interest and this is covered by a 
further resolution : 

“ Scientists and scientific publishing bodies may find it 
desirable to set up, in co-operation with regional or national 
committees where such exist, subject committees on an 
international level to co-ordinate abstracting in the major 
fields of pure and applied science. At a later date it may be 
found desirable to establish committees for more specialised 
fields. 

It is therefore recommended that UNESCO invite appropriate 
international bodies, including the appropriate international 
scientific unions, and, in the case of agriculture and applied 
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biology, the Food and Agriculture Organisation, to co-operate 
with UNESCO in setting up Subject Committees of users and 
publishers of abstracts of: 

(a) Physics and Engineering; 

(b) Pure and Applied Chemistry; 

(c) Agriculture and Applied Biology, 

to deal with abstracting problems at the international level, 
and that UNESCO offer these now committees facilities similar 
to those already providecl for the Co-ordinating Committee 
for the Abstracting and Indexing of Medical and Biological 
Sciences.” 

The importance in the mind of the Congress of these recommen¬ 
dations cannot be over-stressed. Here again, the Congress had a 
precedent, which it admits by mentioning the Co-ordinating Com¬ 
mittee for the Abstracting and Indexing of Medical and Biological 
Sciences, and in fact in a succeeding resolution it requests this body, 
suitably modified, to become the Subject Committee for Medical and 
Biological Sciences. It is perhaps well to note the four groups into 
which science has thereby been divided. They are (a), (6) and (e) 
above, together with Medical and Biological Sciences. It is 
recognised there must be overlap, but a moment’s thought will 
convince that this is inevitable. One of the most important sugges¬ 
tions is that VV.H.O. (World Health Organisation) and F.A.O. 
(Food & Agriculture Organisation), both of which rank equally with 
UNESCO in the UNO hierarchy, are requested to join in the colossal 
work to be undertaken. 

It will bo noted that one of the branches is Phj^sics and Engineer¬ 
ing. The Congress went very far with this branch and called for 
an international committee to l>e set up forthwith to implement 
the idea that, und('r the auspices of a single internationally con¬ 
trolled organisation, be published a ‘‘ single mternational general 
absti*acting journal for physics, both pure and applied, including 
astrophysics and the geophysical sciences and for such branches of 
engineering as it may be appropriate to include.” It will be interest¬ 
ing to await the outcome of this idea and what steps will bo taken to 
finance such a large undertaking. 

It was obvious from the opening remarks that the object of 
UNESCO was to sot up a body to control aU abstracting, but the 
criticisms of the chief U.S. delegate, supported by the British 
delegation, left no doubt in the mind of the organisers that this idea 
must be dropped and dropped it was immediately; hence the 
recommendation: 
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“ It is recommended that UNESCO act as a clearing house, 
to provide a channel of liaison, and to facilitate the implementa¬ 
tion of the resolutions of this Conference.” 

It must be admitted that no one is bound by these decisions 
and that UNESCO through its Continuing Committee, chosen by 
UNESCO secretariat from a number of people elected by the Con¬ 
ference, may take any unilateral or independent move it may 
choose, and in fact the final resolution of the Conference requests 
UNESCO so to act by suggesting they consider the financial aspects. 

This final resolution may perhaps be quoted as exemplifying the 
whole indefinite character of the recommendations of the Conference : 

” Since abstracting is very important for the dissemination of 
scientific information, the attention of UNESCO, W.H.O. and 
F.A.O. is drawn to the resolutions of this Conference and they 
are asked to consider the provision of the financial means needed 
to implement the recommendations of this Conference and also 
to provide for better distribution of abstracts of subjects which 
are the special concern of these Agencies, to areas where the 
application and development of science is being retarded by 
lack of abstracts.” 



RECENT ADVANCES IN SCIENCE 

ASTRONOMY. By Mighabl W. Ovbnden, B.Sc., F.R.A.S., University 

Observatories, Cambridge. 

Diffuse Nebula as Sources of Radio Emission. —In a 
previous article of this series (Sciknoe Progress 37, 475, 1949) a 
brief summary was given of the observations of discrete sources 
of radio emission, and the suggestion made that a possible source 
of such radiation might lie in high-temperature gaseous stellar 
envelopes of low visual opacity. Almost simultaneously with the 
publishing of this article, a letter appeared in Nature by Bolton, 
Stanley and Slee indicating that within the errors of their observa¬ 
tions the positions of three of these sources coincided with nebulous 
objects. 

At the Australian Council of Scientific Research, Division of 
Radiophysics, observations of these discrete sources of radio emission 
have been made concurrently with, and independently of the British 
work, following somewhat similar lines. The interference technique 
employed to obtain resolution is an interesting variant on the 
method described before, which used two aerial systems. Details 
of the method which uses only one aerial system have been published 
by Pawsey, Payne-Scott and McCready (Nature, 157, 158, 1946) 
and Bolton and Stanley (Nature, 161, 312, 1948; Auat. J. Sci. 
Res., A, If 58, 1948). The interference is obtained between a 
directly received beam, and a beam reflected off the sea, the aerial 
system being mounted on a high cliff, and the source observed at 
rising or setting. The progressive change in path difference between 
the two rays as the altitude of the source varies with time gives 
rise to a succession of maxima and minima to the combined received 
signal. The method is thus the radio analogue of the familiar 
Lloyd’s Mirror experiment of elementary interference optics. 

Measurement of the times of occurrence of the successive maxima 
and minima enable the actual track of the source above the horizon 
to be deduced, from which the celestial co-ordinates may be immedi¬ 
ately obtained. The accuracy of measurement of position would 
appear to be of the order of 30 seconds of time in R.A., and 10' arc 
in Declination, the accuracy depending to some extent upon the 
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position of the source ; the accuracy is thus of the same order with 
both interference methods. 

The variable source of radio emission in the Cygnus region has 
been extensively examined by this method (AusL J, Sci. Res,, A, 
If 58, 1948), on frequencies of 60, 86, 100 and 200 Mc./s. The 
presence of a constant and a variable component is apparent, the 
constant component having a spectral maximum at 100 Mc./s., 
while the intensity of the variable component is not detectable on 
200 Mc./s., but increases rapidly with decreasing frequency. The 
periodicity decreases with increasing frequency, and, although there 
is no correlation foimd between these variations on frequencies as 
close as 85 and 100 Mc./s., the general level of activity of the variable 
component shows good correlation between all the frequencies. 
The behaviour of the variable component is compared with that of 
enhanced solar radiation which probably originates in the corona : 
while the lack of correlation between variations at different fre¬ 
quencies is also apparent, in the case of the enhanced solar radiation 
the spectral distribution is different, the variations being more 
pronounced at higher frequencies. 

The use of this method of interference requires a carefully chosen 
geographical location. A quantitative upper limit to the angular 
diameter of the source can be obtained, since the ratio of the 
intensities of the maxima and minima is a function of the angular 
width, the greater the width, the greater the proportion of received 
signal which is thrown into the minima. It is this effect which 
produces the peculiar limitation of these interference methods already 
mentioned, that the greater the density of the discrete sources, the 
less the likelihood of their being recognised as individual sources. In 
the case of the Cygnus source, an upper limit of 8' of arc can be sot to 
the width, although the true width may well be much less than this. 

A systematic survey of a quarter of the celestial sphere has been 
made with this apparatus on a frequency of 100 Mc./s., the mean 
sensitivity being of the order of 10““** watts m."”* (c./s.)"'^, and six 
sources in addition to the Cygnus source have been isolated (Nature, 
162, 141, 1948). In no case has the angular width been greater 
than the experimental limit, which varies in individual oases from 
1° to 8' of arc. Of these sources, three are variable, three constant 
and one unclassified. 

In a further note (Nature, 164 , 102, 1949) Bolton, Stanley and 
Slee have shown that the positions of three of the more intense of 
these sources coincide, within the experimental error, with the 
nebulous objects NGC 1952, 4486 and 5128. The first of these is 
the well-known Crab nebula. Believed to be the expanding shell 
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of the supernova of a.d. 1054» the object at the present epoch is 
about 4' X 6' in angular dimensions, only a little less than the 
experimental limit of diameter determination. If the nebula is in 
fact the source of the emission, non-thermal mechanisms must be 
invoked, as the effective temperature deduced from the radio 
observations is of the order of a million degrees, while the tempera¬ 
ture of the nebula has been estimated as only 50,000® (Minkowski, 
Aatrophya. J., 96, 199, 1942). The other two objects have a more 
uncertain nature, and, while they are usually classed as extra- 
galactic nebulse, they do show anomalous features, and have yet to 
be resolved into stars ; it is suggested that the radio observations 
indicate a galactic nature. Uncertainties of identification of this 
nature are not uncommon, especially in the southern hemisphere, 
where the shortage of telescopes of largo aperture, while being 
rectified, is still acute. Some support is lent to the suggestion of 
Bolton and Stanley by the discovery by Evans (M,NM,A.S,, 109 , 
94, 1949), during a survey of southern nebul® with the 74-inch at 
Pretoria, that NOC 5128 is in fact a diffuse nebula of the Crab type. 
Before real confidence can bo placed in the identification of diffuse 
nebula) as sources of radio emission, many more coincidences of 
position must become apparent, but, should future observation 
confirm the present suggestion, radio methods may yet prove more 
effective than large telescopes in distinguishing in doubtful cases 
between galactic and extra-galactic nature, a strange irony of nature 
since, by optical standards, the resolution of the radio telescope is 
extremely poor. 

Stellar “ Flares.” —A very different suggestion for the origin 
of these radio emissions has been put forward by Unsold (Nature ^ 
163 , 489, March 1949). From an analogy with the radiation from 
the disturbed sun, he believes that the sources may well be unusual 
stars of low luminosity and low temperature, which suffer large- 
scale disturbances similar to solar flares, but covering much greater 
areas of the star’s surface; stars of spectral type M which show 
emission lines (primarily of ionised calcium) are likely choices. It 
is known that dwarf M emission stars (dMe stars) do sometimes show 
sudden short-duration increases in brightness, which are referred 
to as “ flares,” although the analogy with solar flares is not to be 
pressed too far without further observation. An accurate photo¬ 
electric light-curve of such a ” flare ” on dM4e star has recently 
been published by Gordon and Kron (Pub, Aatr. Soc. Pacific, 61 , 210 , 
October 1949). The general shape of the curve does show a general 
similarity to the development curves of solar flares, although the 
observations of the star were taken in the green region of the 
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spectrum, and not near Ha where solar flares are most prominent. 
IVom the rate of loss of luminosity during the decay portion of the 
curve, a relationship between the area of the star involved in the 
eruption and the rise in temperature may be deduced ; if the whole 
visible area of the star brightened, a temperature rise of only 40° K. 
would be required. However, spectrographic observations by Joy 
and Humason (Pvb. Aatr. 8oc. Pacific, 61,133, June 1940) on another 
variable dM4e star show a conspicuous brightening of the continuum 
spectrum in the blue, which requires a much greater temperature 
change. Gordon and Kron conclude that an area of the star only 
O’OOS per cent, of the entire sphere was involved ; with solar flares, 
relative areas of one-tenth of this are sometimes attained, and so 
the phenomena are at least comparable in area. This peculiar 
behaviour of dwarf M emission stars is important, not only for its 
intrinsic interest, but for a possible (although at the present stage 
highly tentative) relationship to radio observations. 

liiK Nature of the Surface of the Moon. —From the same 
laboratory in Australia has come a paper entitled “ Microwave 
Thermal Radiation from the Moon ” (Piddington and Minnett, 
Aiist. J. Sci. Res., A., 2, 03, 1949), in which interesting conclusions 
on the temperature distribution in the outer layers of the moon, 
and the nature of the lunar surface material, have been derived. 

The heat radiation which is here examined has a wavelength of 
1| cm. The main receiving apparatus was a parabolic reflector of 
44 inches diameter mounted equatorially. The width of the receptor 
cone to half intensity was |°, and accurate setting of the receiver 
could be made by a visual finder. A rotating disc enabled a com¬ 
parison to be made twenty-five times a second between the radiation 
received by the aerial and the thermal radiation of an absorbing 
disc at a known fixed temperature. With the stated aerial width, 
some resolution over the disc of the moon is possible, and lunar 
temperatures calculated on the basis of maximum aerial gain are 
less than the true average temperatures ; correction can be easily 
applied. 

Measurements have been made over three complete lunations, 
and the resultant temperature variations of the receiver can be 
represented by a sine wave which has a phase lag of 45° with respect 
to the phase angle of the moon. With the aerial always aligned 
on the centre of the lunar disc, the mean average lunar temperature, 
and the mean equatorial temperature can be calculated: values 
of 239° K. and 249° K. respectively are given, estimated accuracy 
being d: 6 per cent, and amplitudes of variation d: 62° K. and 
± 40° K. respectively. 
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Observations of lunar thermal radiation in the long infra-red 
region about 10 microns wavelength have frequently been made 
with thermocouples—^indeed, since the time of Lord Rosse, who 
first used a thermocouple in this way. In some ways the thermo¬ 
couple has the advantage ; it is simpler to use, and does not suffer 
so much external disturbance; in the radio observations, the 
presence of surface winds may vitiate the readings. The radio 
method is, however, incomparably more accurate, especially for 
low temperatures. Lunar temperature changes of only 8° K. could 
be detected, and, since the Rayleigh-Jeans law of distribution of 
thermal radiation applies in the microwave region, very low tem¬ 
peratures may be measured; thermocouples could not detect 
radiation from the moon if its temperature were below 100° K. 
Some difficulty also arises with the thermocouple in distinguishing 
between refiected solar radiation and true lunar thermal emission. 
The most reliable thermocouple experiments are those of Pettit 
(Asirophys. J., 81, 17, 1936) with which the radio observations are 
compared. A significant difference is immediately apparent, in 
that the infra-red curve of variation of temperature with lunar 
phase angle shows a temperature in phase with the lunar cycle. 
The difference is probably due to the face that the surface material 
of the moon is opaque to radiation in the lOp region, but partially 
transparent to centimetric waves. The initial energy falling on 
the surface travels into the crust of the moon as a temperature wave, 
and, while the thermocouple only meatsures temperatures actually 
at the surface, the radio readings are an integral of the radiation 
from all surface layers from which the radiation can escape; this 
depth has been estimated as about 40 cm. When the radio observa¬ 
tions are interpreted in this way, they yield a temperature for the 
interior of the moon of 234° K. (which is constant) and an average 
surface temperature for the new moon of 146° K. The accuracy 
of the final deductions is beUeved to be better than d: 10 per cent. 

An analysis of the penetration of temperature waves into a solid 
with constant thermal conductivity and specific heat leads to an 
expected sinusoidal temperature variation, but the phase lag is less 
than 46°, tending to this figure only as the depth of penetration of 
the radio waves becomes so great that the region of constant tem¬ 
perature is reached. However, in the present case, a lag of 45° is 
apparent while the amplitude of the thermal oscillation is still an 
appreciable fraction of the surface value; a model whose thermal 
properties vary with depth is thus required. The general case is 
difficult to analyse, but a simple satisfactory model is that of a thin 
layer of dust covering the lunar surface. This model is examined, 
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and the radio results found to be consistent with a layer of dust 
of the order of 1 mm. thick. 

Polarisation measurements on moonlight have already suggested 
the possibility of such a layer (e.g. Wright, Proc. NvA. Acad. Sci., 
13, 635,1927), and further evidence has been obtained from thermo¬ 
couple readings taken diuing a lunar eclipse. It is interesting to 
compare the results of Piddington and Minnett with those of Wesse- 
link {BvM. Astr. Inst. Netherlando, 10, 361, 1948) who analysed the 
thermocouple observations of a small area near the centre of the 
lunar disc during the eclipse of October 28,1939, by Pettit (Aatrophys. 
J., 91, 408, 1940). During an eclipse, the penetration of the heat 
wave is only a few millimetres. The temperature in the interior of 
the moon is calculated to be 212° K., in reasonable agreement with 
the value of 234° K. cited above. The thermal conductivity of the 
surface material is given as 16 x 10-‘ cal. cm.“‘ min.~^ (°C.)'‘. 
Such a low conductivity would seem to point directly to a powdered 
material, for, in the virtual absence of an atmosphere, the only 
means of heat transport in such a powder is by conduction from 
grain to grain through the contact areas, and through the interstices 
by radiation. Wessolink uses laboratory observations by Smolu- 
chowski {BuU. Acad. Sci., Crcicovie, A, 129, 1910 and 648, 1911) 
to deduce an upper limit to the diameter of the surface grains of 
0*3 mm. Again the agreement with the radio results is good. The 
combination of polarisation experiments on visible radiation and 
temperature measurements with infra-red and microwave radiations 
may be said to have provisionally established the existence of such a 
dust layer on the surface of the moon. 

A PossiBLV Lunar Atmosphbbb. —^The existence of a layer of 
dust a millimetre thick on the lunar surface finds a ready explanation 
in the fall of meteoric bodies, as calculations by Watson {BeUoeen 
the Planets, 1946) on the basis of the occurrence of meteors in the 
earth’s atmosphere show4 For the explanation to be valid, how¬ 
ever, it is required that there be no atmosphere on the moon capable 
of offering appreciable protection against meteoric bombardment. 

Kinetic theory calculations indicate that the moon coidd not 
retain an appreciable atmosphere of the lighter gases for oosak 
periods of time, but experimentally it is only possible to set a lower 
limit to the density of a hypothetical lunar atmosphere. From the 
observations of occultations it can be shown that the horizontal 
refraction of the lunar atmosphere cannot exceed 2* of arc, indioatmg 
that any lunar atmosphere must have a density at the moon’s surface 
lees f^ian 1/2,000 that of the earth’s atmosphere at sea level. If 
t&e lunar atmosphere were more dense than about 10-* that of the 
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earth, the twilight zone of the moon under full illumination should 
be as noticeable as the earth-shine on the dark part of the moon. 

In 1943, Fessenkoff (Aatr, J, Soviet Union, 20, 1, 1943) proi)osed 
a much more sensitive method of detecting a lunar atmosphere. 
When the moon is observed at quadrature, the background illumina¬ 
tion will consist of three parts, (a) light scattered in the earth’s 
atmosphere, forming an ordinary lunar halo ; (b) light reflected to 
the moon from the sunlit hemisphere of the earth, and (c) light 
diffracted in the lunar atmosphere. (>omp(ment (c) should be 
polarised, and hence the degree of polarisation of the backgroimd 
illumination should be 2c/(a + 6). Observation of sky brightness 
near the sun, from which can be computed the brightness of the 
lunar halo in quadrature, enables the ratio of the masses in unit 
vertical columns of the lunar and terrestrial atmospheres to be 
expressed in terms of the degree of polari'^ation, r, the numerical 
form of the relationship being m/M ~ 0196 x 10“*^ r. With 
Polaroid analyser, Fessenkoff was unable to detect any polarisa¬ 
tion, from which he deduced on the basis of laboratory tests that 
r < 0 04, or m/M < 10“®. 

Fessenkoff’s experiments have, however, recently been repeated 
with greater precision by Lipski (DokL Acad. Nauk. SSSJt, 65, 
465, 1949), who claims a positive result corresponding to an atmo¬ 
sphere of density 10-® that of the earth. The horizontal refraction 
of such an atmosphere would be only J'" of arc. In particular, 
Lipski has refined the theoretical interpretation, allowing for the 
lunar aureole being only partially polarised. 

While more experiments are required before the conclusions can 
be said to be in any sense definitive, it is interesting to note that an 
atmosphere of this density should be effective in stopping a meteor 
which on the earth would cause a normal visible shooting star. 
Shooting stars occur at about 70 miles height, where the atmospheric 
density is comparable with that near the lunar surface with the 
measured mass of the lunar atmosphere. In fact, some tentative 
observations of lunar meteor trails have already been reported 
(Haas, W. H., Popular Aatr., 55, 266, 1947). The number of trails 
observed was consistent with their being lunar meteors, but incon¬ 
sistent with their being terrestrial telescopic meteors. These obser¬ 
vations may bo said to give some confirmation of Lipski’s conclusion 
that the moon is not a completely bare world.®* 

♦ Since the submission of the manuscript of this article, a paper by Lyot has 
appeared describing an attempt to measure the intensity of lunar twilight with 
the Pic-du-Midi coronagraph (C.JR Acad. Sd,, Paris, 229, 1277, Doc. 1949). 
The negative result is btJiovod to preclude the existence of a lunar atmosphere 
of density > 10'“® that of the Earth, in contradiction to Lipski*s results. 
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Thb Second Satbllitb ov Neptune. In the hieraohy of 
astronomers there is a select aristocracy of whom Keats’ “ watcher 
of the skies ” is the eternal symbol—^the discoverers of new members 
of the solar family. Few succeed in joining its ranks, but fewer 
still can claim the privilege of qualifying for membership twice 
within the space of a little more than a year. Gerard P. Kuiper, of 
the McDonald Observatories, has followed his discovery of the fifth 
satellite of Uranus (see Hunter, Science Proobess 36, 400, July 
1948) by announcing the detection of a second satellite of Neptune 
(Pub. Astr. Soc. Pacific, 41, 176, Aug. 1949). 

The discovery was made on photographs taken at the prime 
focus of the 82-inoh telescope on May 1, 1949. The prime focus 
was chosen, as distant satellites were being sought, earlier photo¬ 
graphs at the Cassegrain focus for close satellites having produced 
negative results. In fact, to obtain a large field, the object glass 
was stopped down to 00 inches (//6). The satellite was magnitude 
19-5 on discovery, and was about 180 seconds of arc distant from 
the planet. From further plates taken by Jose, it is hoped to obtain 
an orbit. At the present preliminary stage of reduction, a circular 
orbit with either retrograde or direct motion would represent the 
data almost equally satisfactorily. Provisional elements give the 
actual distance from the planet as between 8 and 9 million km., 
and an inclination to the ecliptic of only 6°. The satellite is thus 
moving in an orbit which is neither in the plane of Neptune’s equator 
(which is inclined at about 30° to the ecliptic) nor in the plane of 
the orbit of the other sateUite, Triton (inclination 130° to ecUptic, 
stellar magnitude 13, mean opposition distance 17* or approximately 
400,000 km.) From the stellar magnitude, a diameter of 300 km., 
some one-sixteenth that of Triton, is estimated. 

The system of Neptune provides some interesting problems in 
cosmogony. Bode’s law is only one of the many numerical relations 
between planetary distances that have been proposed, but it is 
undoubtedly one of the simplest, and it is difficult to believe that it 
is entirely a coincidence. Indeed, a recent addition to the plethora 
of theories of the origin of the solar system, the accretion theory of 
von Weiz&cker, actually leads to a law very similar to that of Bode. 
It is interesting to note that Neptune, apart from possessing a 
unique satellite system, also appears as an anomalous interloper in 
the scheme of planetary distances, the ninth term of the Bode- 
Titius law being 388 (on the scale Earth = 10) which corresponds 
closely to the mean distance of Pluto (390) rather than Neptune 
(801). Kuiper has recently approached the problem of relative 
planetaiy and satellite distances, not from the purely numerical 
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standpoint, but from considerations of orbital stability (Aetrophya. J. 
109, 308) March 1049). He concludos that a satellite orbit is stable if 

1 

where /x is the ratio of the mass of the primary to that of the sun, 
and A the satellite distance from the primary in units of the distance 
to the sun. In the case of the moon, this stability parameter is 
100; for the least stable satellites known, the outer satellites of 
Jupiter, the parameter is 18, and no satellite is to be expected with a 
parameter less than 10. The stability parameter for the second 
satellite of Neptune is about 8000. Thus, in spite of the very great 
distance of this satellite from the primary comparable with the outer 
Saturnian satellites, in the Neptunian system distances of ton times 
this would still yield stable orbits. This analysis was undoubtedly 
the stimulus for wide-field photography of Neptune, and additional 
work is in progress at McDonald to cover the field of Neptune to 
these distances. 

The accepted right and responsibility of giving a name to a 
newly-observed body may impose no mean burden on the discoverer, 
for he must stray to the possibly unfamiliar paths of mythology 
for his inspnation. In the case of Noi)tunc’s second satellite, 
the choice was not difficult; since Neptune was attended by the 
Tritons and the Nereids, Kuiper has proposed the name Nereid 
for the new satellite. His choice for the fifth satellite of Uranus 
(Pvb. Astr, Soc, Pacific, 61, 129, 1949) seems to have caused greater 
difficulty, for the announcement was much delayed, and the final 
name, Miranda, arrived at by a devious literary route. The children 
of Uranus, the Titans, having been annexed by Saturn, Sir John 
Herschel named the four brighter satellites of Uranus Ariel, Umbriel, 
Titania and Oberon. Ariel appears in The TempeM, “ an airy, 
tricksy spirit, changing shape at will to serve Prospero, his master *’ ; 
Miranda and her sister Dorinda were “ daughters to Prospero that 
never saw Man.” But Man has seen Miranda, and the discoverer of 
the sixth satellite of Uranus will find no difficulties of nomenclature, 
for Kuiper has presented him with a fait accompli. 


PHYSICS. By F. A. Vick, O.B.E., Pli.D., F.Inat.P., The University, 
Manchester. 

The Physics of Heating of Buildings. —1.—^The necessity for 
fuel economy in recent years has stimulated in several countries 
more accurate and extensive studies of the factors involved in 
efficient heating of buildings (^ee, for example, Post-War Building 
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Studiesy No. 19, 1945 ; the Annual Reports of the Building Research 
Board, and of the N.P.L.)« Recent work in the Laboratory of 
Heating and Ventilation of the Technical University of Denmark 
has now been published in a series of papers (Trans, Danish Academy 
of Technical Sciences, No. 4,1947), and since the journal is not widely 
available in the country some account of the more physical aspects 
of the work may be of interest. 

The first paper, by F. C. Becker, is concerned with the factors 
determining the nature of thermal fields in rooms, and the funda¬ 
mental equations governing heat flow expressed in forms convenient 
for practical use. The thermal conductivity equation becomes 

. . . . ( 1 ) 

where R is a thermal resistance of unit area (thermal resistivity for 
conduction processes is 1/K, where K is the thermal conductivity 
of a homogeneous material). H is the rate of flow of heat and is 
measured in kilogram calories per hour. The area A is in square 
metres. H/A is called the density of heat flow.’' (9,^ is the 

corresponding temperature difference (degrees centigrade). The 
same equation is extended to cover the transfer of heat by convec¬ 
tion and radiation as well as conduction, with corresponding exten¬ 
sions of the meaning of R. For conductivity through plane-parallel 
walls large enough for boundary conditions to bo ignored, 

Rj^ — . . . • (2) 

where d is the wall thickness in metres. K is, strictly, dependent 
on temperature and moisture content, but in practice it is usually 
suflSciently accurate to use a mean value. 

To extend equation (1) to radiation, a radiation resistivity * a and 
radiation resistance R,. are introduced. Then, by analogy with (2), 

~ 0 • • • • ( 3 ) 

where 0^ is a temperature factor with dimensions (degrees absolute) ” ®. 


Ojn, and are the radiation resistivities of a hot body (surface 
area A^) radiating in the room, the surrounding walls (area A^) 

♦ The term “ retdiation resistivity ” is introduced by analogy with thermal 
resistivity in order to bring the general equations to the same form. In this 
country p would bo used instead of the cr used in the Danish papers. 
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and a full radiator respectively, = 0*20 (deg. Abs.)* (hours) 
(metres)*(kg. cal.)~^, and for surfaces usually encountered in build¬ 
ings l/ffm l/ar„ are about 10 per cent, greater than l/Co so that 
(l/(r„ — l/a,,) is normally about 0*02. A„/A„ is between 0 and 1, 
so that tho second term of (4) is generally small relative to l/a,„. 
The temperature factor 0, is, approximately, 

« _ + 273\-» ... 

100 / ... ( 6 ) 

where = (0„ + 0„)/2 and and 0„ are the temperatures 
(deg. C.) of tho nidiating surface and the walls of tho room. 0, varies 
between 1*23 and 0*74 as 0a, varies from — 5 to 50" C. For diffuse 
radiation, by analogy with equation (1) 

Rr?- == ©m - . . . . (0) 

Equation (6) also applies when the radiating surface is part of 
the wall of the room. If the rest of the wall, area is divided into 
homogeneous areas numbered 1 ... p ... r/, then the fraction 
of the diffuse radiation striking the pth area, of the wall is 

A„p cos ap cos 

= ^ ... (7) 

where I is the length of the line joining the centres of and A„p, 
ap is the angle between this line and the normal to H^, and is 
the corresponding angle for A„p, Then equation (ft) becomes 


in which 

In general, we have an equation like (8) for each of the areas 
1 . . • p s . . 9 receiving radiation from A„j, oven if 0,^ is different 
for each of the areas. 

For heat transmission by convection, there are two cases to 
be considered: (a) forced convection, due to winds, fans, etc., (6) 
natural convection. For case (a), 

K-c = V ■ • • • • (^) 

5 + 3-4t; ' 

if the wind velocity v docs not exceed 6 metres per sec. and 

■ ■ ‘ • 

if V does exceed this value. It will be noted that if t> = 0, R, = 1/6. 


if V does exceed this value. 
In the second case, (6), 


R. = a0„ 
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where Cg is a shape-factor and a temperature factor. For vertical 
flat walls 

= (»«- . . . ( 11 ) 
where 0a is the air temperature and 0, the temperature of the wall 
surface. 0a may be greater or less than 0,. For these walls, 
Cg = 0‘45. In practice Rg is given a maximum value of 0*36 (when 
0a and 0g are nearly equal) to allow for movements of occupants 
of the room and other “ uncontrollable ” causes. For convection, 
then, the heat transfer equation is in the now familiar form 

= .... ( 12 ) 

Consider now the total heat transmission from an inner space 
I through a wall to an outer one E. Then 

R|-^ = ©I — ©j .... (13) 

where R^ is the sum of Rj, the thermal resistance for transfer from 
space I to the inner wall surfaces R^ the thermal resistance to 
passage through the wall and Rj. for transfer from the outer surface 
to space E. The main problem is to determine Rx and Rg., which 
are functions of radiation and convection as well as of conduction. 

Becker goes on to classify four different kinds of thermal Helds 
in rooms, (a) One-source thermal fidds are those in which the thermal 
fields are governed by one factor only, such as a room with uniform 
air temperature and perfectly reflecting walls. All thermal fields 
in solids are one-source, because the field at any point is governed 
only by the temperature at that point. (6) Two-source fields, e.g. 
a room with a uniform air temperature ©g, and walls having diffusely 
radiating surfaces all at the same temperature ©,. (c) Three-source 
fields, as (6), for example, if the wall surfaces are not at uniform 
temperatures, but part at ©gi and part at ©,,. (d) Many-source fields, 
as (c) but with several different wall temperatures, etc. 

Hie measurement of temperature in a one-source field is inde¬ 
pendent of the shape and orientation of a thermometer, which may 
therefore be an ordinary fluid one. Such a thermometer, is, how¬ 
ever, inadequate for the determination of room temperature in a 
two-source field, since the reading will depend somewhat on the 
size and shape of the thermometer, which will, in turn, affect Rg. 
For reproducible and comparable results it is thus necessary to 
standardise on a form of thermometer. In oases (c) and (d) the 
reading on a thermometer wiU depend not only on its size and shape- 
hut also on its orientation with respect to the walls. 
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Now consider a space I the thermal field of which is controlled 
by q sources numbered 1 ... p ... g. Between any one of these 
thermal sources and an area at temperature 0^ a partial heat 
fiow is maintained of magnitude determined by (0p — 0„) and 
the corresponding thermal resistance. The object is now to sub¬ 
stitute for all q partial flows a single quantity Hx from a single ficti¬ 
tious source with resultant temperature 0i and the flow having 
equivalent resistance Rj. Two methods may bo applied, one based 
on physical considerations and one on analysis. 

(i) Each source has a relative thermal weight of 1 /R^, and the 
resultant temperature 0j is 


0 , 




1 . . . t- 



. (14) 


in which . 

(ii) For each of the partial heat flows we have an equation of 
the form (cf,, equation (1)) 




When these are summed, 



or, from equation (14) 






0 , 


. (16) 

• (17) 


©I BO determined is not universaUy characteristic of the room, but 
is, in general, a directional quantity dependent on the area A„ 
chosen. 

Measurements may be made by what are, in effect, thermal flux- 
meters, in which the heat detector is maintained out of balance with 
the surrounding field. There are two main types. (A) The mean 
temperature of the apparatus is kept constant and meastirement is 
made of the rate of heat loss of the apparatus and of 0i relative 
to the apparatus. (B) The rate of heat supplied, H„„ is kept con¬ 
stant and measurements made of 0^ of the apparatus as well as of 
01. The Kata-thermometer is an instrument of type (A), but it gives 
only one result at each place in a room without detecting directional 
changes. 

. 2. —^The second paper, by N. F. Bisgaard, is concerned with the 
construction and use of directional thermometers. If these are 
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oonstraoted with a flat face thermally senaitive and a back thermally 
insulated, the net flow, H^, through the instrument is zero, so that 

©I os 

Two forms of directional thermometer are described. The 
first, and more elaborate, consists essentially of a thin rectangular 
piece of copper foil stuck over a slightly smaller hole in a rectangult^r 
piece of silk paper stretched on a frame of thin wood. The outside 
face of the copper foil is blackened, and the inner face is protected 
by several sheets of aluminium foil stretched in the frame and 
separated by air spaces. At the back of these is a brass plate 
containing an electrical heater, then several more aluminium foils, 
and finally a polished brass box which con contain water. 

Copper-constantan thermocouples are used to determine the 
temperature of the copper foil and the difference between the tem¬ 
perature of the latter and of the brass disc. In use, the temperature 
of the heater is adjusted to be the same as that of the copper foil, 
in which case no heat is lost from the back of the latter, and the 
instrument is a directional thermometer. If the temperature of the 
copper foil face is less than that of the back of the apparatus, cold 
water is poured into the brass box at the rear. The second form 
of the instrument is simpler in comtruction, without the compen¬ 
sating heater. 

Using the compensating form of directional thermometer, 
measurements were made in the anteroom of a dark room, with 
walls and ceiling at a known uniform temperature with the addition 
of a heated plate near one wall. The equations developed in Section 
1 above were verified completely. In addition, correction curves 
and tables were determined for the simpler form of the instrument, 
in which the back of the detector plate is not completely insulated. 
The apparatus was then used to determine the effect of diffuse day¬ 
light, both through a window and reflected from the walls of the 
room, adding to the thermal sources in the room. 

3. —The next paper, by Becker and Bisgaard, contains calcu¬ 
lations of thermal fields for one-dimensional heat flows in walls 
tmder unsteady conditions, by a method of difference analysis which 
does not require the boundary conditions to be expressed as analy¬ 
tical functions. Several practical cases are considered, including 
compound walls. The alternative use of Heaviside’s operational 
calculus is considered in the fourth pai>er, by Becker. 

4. —^The remaining four (shorter) papers deal with fields in which 
the temperatures vary approximately x>®nodically with time, of 
which the most important example is the 24-hour cycle. Periodic 
variations in wind velocity are taken into ccmsideration. One of 
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the results obtainod shows the importance of the thermal capacity 
(specific heat) of the building materials, since walla may act as 
“ heat accumulators ** tending to reduce the heat loss by transmis¬ 
sion during free cooling at night. This effect has a bearing on 
whether heat insulation should be applied to the interior or exterior 
of an outside wall. The final paper contains an actual example 
of the calculation of the heat loss from a typical room with a 24-hour 
temperature cycle. 

5. —It is hoped that the summary given above will indicate how 
the fundamental heat equations are transformed so as to be imme¬ 
diately useful to the practical heating engineer, and how the inter¬ 
pretation of experimental results is simplified by the use of special 
dififerential thermometers. 

The present author is much indebted to the Danish Press Attach6 
in London, who kindly arranged for him to receive a copy of the 
journal containing the papers described. 

GENERAL AND PHYSICAL CHEMISTRY. By J. W. Smith, 

D.Sc., Ph.D., F.K.I.C., Bedford CoU<*g(* for Women, London. 

Radiation Chemistry. —Whilst many reactions which are brought 
about under irradiation with a-particles or //-rays have been known 
and studied for many years, this subject, lying on the fringe of both 
photochemistry and of nuclear chemistry, has received a new impetus 
in recent years through the development of the latter subject. New 
forms of apparatus, such as largo cyclotrons, devised in coimection 
with the study of nuclear reactions, have proved of inestimable value 
in studying the chemical effects of the primary particles. Nuclear 
fission itself not only produces in abundance some of the high energy 
particles which were previously known to effect radiochemical 
reactions, but it also yields types of high-velocity particles, such as 
high-energy and y-rays and fission particles, which are not obtain¬ 
able otherwise. As their effects, direct and indirect, in causing 
chemical reaction are almost inseparable from the particles them¬ 
selves, and are intimately linked with their effects upon living 
organisms, the processes induced by them have become of vital 
interest to biologists, as well as to physicists and chemists. 

It was opportune, therefore, that a symposium held at the 
University of Notre Dame, Indiana, in Jmie 1947 was devoted very 
largely to radiation chemistry, and surveys of various aspects of the 
subject were given by Lind, Steacie, Hirschfelder, Rosenblum, Allen, 
Dainton, Burton, and others, who have been most intimately 
concerned with its development. 
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Although in a sense radiation chemistry can be regarded as a 
branch of photochemistry, there are a number of essential differences 
between the two. It is found that, when a beam of ionising radiation 
is passed through matter, only about half the energy is expended in 
the production of ions, the remainder being used in the formation of 
excited molecules. There has been considerable difference of opinion 
as to whether it is the ions or the excited molecules which play the 
more important role in causing reaction. Initially the tendency was 
to concentrate on the ions and to neglect the effect of the unionised 
excited molecules, but the present view is that both play significant 
parts. The processes involved are therefore much more complex 
than in photochemical reactions, and the quantitative aspects of the 
subject are more difficult to elucidate than, for instance, the quantum 
efficiency of a photochemical reaction. Thus, for example, it is 
possible for the number of ion pairs formed in the irradiation, the 
usual method of expressing the radiation absorbed, to be only a rough 
measure of the number of molecules which are excited and cause 
reaction. 

Whereas in a photochemical reaction whole quanta of radiation 
are generally absorbed, and the primary process may be dependent 
on the wavelength of the incident radiation, evidence regarding its 
nature being obtained from the form of the absorption spectrum in 
various spectral regions, in radiation chemistry the energy of the 
particle is gradually decreased during its passage through matter. 
Hence the chemical effects are generally dependent only upon the 
total amount of energy absorbed and not on the energy of the indi¬ 
vidual particles. One particular high-energy particle may there¬ 
fore give molecules of several different excitation states as well as 
different ion species from each of the substances present in the 
absorbing medium. These particles, and the electrons which are 
detached in the primary ionisation process, may then enter into 
secondary reactions and ionisation processes, with the production of 
yet further particle species. 

The fundamental processes normally involved in these reactions 
have been enumerated by Hirschfelder (J, Phys, Coll. Ghem., 1948, 
62, 447) as 

1. The primary and secondary ionisations. 

2. The excitation without ionisation. 

3. The electron attachments and negative ion formation. 

4. The simple reactions between ions and neutral molecules. 

6. The formation of clusters, if any. 

6. The neutralisation of the ions to form atoms and free radicals. 

7. The subsequent fate of the free radicals and ions. 
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The probability of ionisation oocurring when a charged particle 
traverses a molecule is greatest for heavy and slow-moving particles. 
As an a-particle in air forms about 25,000 ion pairs per cm. of its path, 
it must ionise every molecule which comes within 1 A. of it. In spite 
of this fact, about four-fifths of the total ionisation is produced by 
secondary electrons. This accounts for the fact that, as a rule, 
a-, /?-, and y-rays all have the same chemical action, since they all 
produce secondary ionisation which produces most of the ion pairs, 
and the effects of the radiations are generally measurable in terms of 
the total irradiation received. The exceptions to this general rule 
can be attributed to the fact that fast electrons excite or ionise only 
1 per cent, or less of the molecules which they traverse, so the 
primary ions or excited molecules produced are much more wide¬ 
spread than in the case of a-particles, dcuterons, or slow electrons, 
which form “ hot ” spots, i.c. regions of very intense ionisation, 
within a narrow zone along the track of the particle. Particularly 
in the liquid or solid phase this may lead to partial recombination or 
abnormal reaction of the active particles before they can diffuse into 
the main body of the medium. 

Tt is obviously of great importance to know what particles are 
produced in these processes. So far as the ions present are concerned, 
mass spectroscopy yields a great deal of information, and can bo used 
to determine appearance potentials, .and to distinguish between 
primary and secondary products. With gases at very low pressures 
it is possible by this means to measure the relative abundance of both 
the positive and negative ions ; this relative abundance is the same 
as if these ions were formed by any high-voltage ionising source such 
as the secondary radiation from a-, or y-rays. At higher pres¬ 
sures the mass spectrograph gives indications of the particles formed 
when ions react with neutral molecules, as in the reaction Hj t' 

Ha^ + H. 

Unfortunately, however, there is no means of obtaining the 
equivalent information with regard to the excited molecules. As 
in radiochemical reactions in gases excitation and ionisation occur 
in about equal amounts, excited molecules might be expected to play 
an important part in these processes. The evidence, in fact, now 
suggests that they are of more importance in the reactions than the 
ions. In the case of hydrogen, excited molecules are known to 
dissociate frequently into atoms, but there is no way of knowing the 
properties of more complex excited molecules, as neither spectro¬ 
scopic nor mass spectroscopic methods can be applied to their study. 
For the same reason there is no knowledge of the number of excited 
molecules which are formed per ion pair. 
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For the case of the decomposition of ammonia by arrays, Miss 
Smith and Essex (J. Chem. Phya., 1938, 6, 188) separated the 
reactions due to excited molecules from those due to ionisation by 
carrying out the irradiation between the plates of a condenser. The 
values which they obtained for the ion yields in the absence and 
presence of electric iields at 30*^ (J and 100® C. were as follows : 



SO* C. 

100* C. 

No field. 

1-37 

2 42 

Httlf stituration field 

117 

206 

Full saturation field 

108 

201 


These results were interpreted by supposing that in a field sufficiently 
strong to produce half saturation the ions are neutralised on the 
plates without decomposition. If this is correct, of the ion yields at 
30® and 100®, 0*40 and 0*72, respectively, must be due to the 
recombination of ions, whilst the yields due to other mechanisms are 
0*97 and 1*70, respectively. At each temperature, therefore, only 
about 30 per cent, of the total reaction occurs through the formation 
of ions. 

At the time when ions were regarded as being of more importance 
than neutral molecules, it was found that the mobilities of these ions 
were in many cases smaller than would be expected on the basis of 
the kinetic theory. This was interpreted on the basis of the cluster 
theory,’’ in which neutral molecules were supposed to be held to the 
ion by polarisation forces. Reaction was then i*egarded as occurring 
on neutralisation of the charge and involving all the molecules 
present in the cluster. This accounted for relatively high values of 
the ratio of molecules reacted to ion pairs formed (M/N). Lind, who 
originated this theory some twenty years ago, has recently enumer¬ 
ated some of the indirect evidence in support of this theory (J. Phys. 
CoU. Chem.y 1948, 52, 440). This is 

(1) Exclusive oxidation when oxygen is present. The affinity of 
oxygen for electrons is supposed to favour oxidation reactions upon 
the recombination of positive and negative ions around which oxygen 
molecules are clustered. 

(2) Smaller values of M/N are obtained in the absence of oxygen. 

(3) Occlusion of small amounts of inert gas in the solid product 
formed by the polymerisation of acetylene by a-rays. This is 
liberated easily on gently heating the vessel wall. 

(4) Carbon dioxide alone is not decomposed by a-rays, but when 
a suitable acceptor for the CO,+ ion, for instance hydrogen or 
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mothane, is introduced, additional reaction occurs at a rate pro¬ 
portional to both the and CH 4 + or ions. 

(5) In any mixture of reactants the rate is proportional to the 
sum of both ions and not to one species alone, as might be assumed 
if a radical of one kind were instrumental. 

( 6 ) Reactions such as the polymerisation of acetylene show no 
characteristics of chain mechanism, but are associated with a high 
yield per ion pair. 

The case of the polymerisation of acetylene will bo discussed 
later, but, generally spcakir^g, modern views arc against the cluster 
theory, the low mobility of the ions being attributed to the drag 
associated with polarisation forces without actual cluster forma¬ 
tion. A classical example of a reaction the course of which was 
explained very simply by the cluster mechanism was the synthesis of 
ammonia in an electric discharge. Brewer and Westhavor (/. Phys, 
Chem., 1930, 34, 163) suggested two alternative mechanisms for this 
reaction ; 

(а) N2+ i-H, 

NaH/ -I- e 2 NH 

NH -I Ha -> NH, 

(б) Na+ + 3 Ha NaHe+ 

NaH/ 2NH8 

The first mechanism involves only normal two-body collision, but 
the investigators preferred the second mechanism, which required 
cluster formation, as four-body collisions are extremely improbable. 

The present views with regard to radiation reactions can be best 
illustrated with reference to a few selected reactions from amongst 
the many which have been studied. The first tendency to interpret 
them on the assumption that the ions initially formed undergo simple 
reactions leading to the formation of atoms and radicals, which are 
then involved in normal processes such as are encountered in photo¬ 
chemical reactions, arose out of what would superficially, at any 
rate, appear to be the simplest of all these reactions, namely the 
conversion of para-hydrogon to ortho-hydrogen under the action of 
a-particles. The ionic yield (800-1000) is in this case much too 
great to be explained by any clustering mechanism, and Capron 
(Ann. Soc. sci. Bruxelles, 1935, B55, 222 ) found that the rate of 
conversion was proportional both to the concentration of para- 
hydrogen and to the intensity of the irradiation. Reaction chains 
must therefore be formed, and, furthermore, no mutual termination 
of reaction chains can occur, say by combination of atoms or ions 
in the gas phase. As no reaction occurred at —187® C., Capron 
concluded that hydrogen atoms rather than protons were the effective 
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agents and that the action involved could be represented 
H + H,(^) H,(c;) + H 

In reviewing these results, E 3 aing, Hirschfelder, and Taylor 
{J. Chem, Phya., 1936, 4, 479) concluded that the chain-breaking 
reaction was the removal of the atomic hydrogen on the vessel walls, 
and, assuming this process to be perfectly efficient, they found that 
the results could be accounted for if six hydrogen atoms were formed 
per 33 cv, of a-particle energy absorbed, t.e. six hydrogen atoms per 
ion pair formed. Such a state of affairs could bo achieved if the 
33 ev. is assumed to be capable of ionising one molecule and of 
activating another molecule to the *27 state, from which it dissociates 
into two atoms. Their picture of the processes involved was 
therefore 

H, a —► H,* \ a —► 2H -f a (Excitation) 
or H, 4- a —► H,+ 4 c -h a (Ionisation) 

4- H, H 

H,+ he H,* 4- H 

or -h f' —► 3H 

followed by the interaction of the hydrogen atoms with hydrogen 
molecules, as suggested by Capron. On this basis the yield is four 
hydrogen atoms per ion pair for those molecules which are dissociated 
by the ionic mechanism and two atoms per ion pair for the hydrogen 
atoms produced by dissociation without ionisation. 

In pursuance of this conception, Eyring, Hirschfelder, and Taylor 
{ibid., p. 570) suggested that in bromine vapour, owing to the possi¬ 
bility of the Br,'*' ion dissociating into Br+ and Br, about six bromine 
atoms would be produced per ion pair in the process which involves 
initial ionisation. The total yield of atoms will be greater than this 
owing to the dissociation into atoms without ionisation. Similarly 
they inferred that in the dissociation of hydrogen bromide between 
two and three hydrogen atoms will be formed per ion pair by the 
ionic mechanism. On this basis, combined with a consideration of 
the reactions which may occur between the excited particles and 
normal molecules they derived expressions which were in accord with 
the observations of Lind and Livingstone for this reaction. 

One of the most fully investigated reactions has been the poly¬ 
merisation of acetylene under the influence of a-particles to yield a 
solid product which, although often called Cuprene, has been found 
to differ from the products formed by catalytic polymerisation or in 
a corona discharge, and for which the name “ Alprene ” has been 
suggested (Watson, J. Phys. CoU. Chem., 1948, 62, 470). Under 
a-iiradiation about 20 molecules of acetylene polymerise per ion pair 
formed and this yield is independent of the conditions over wide 
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ranges. The rate of reaction is proportional to the gas pressure and 
to the intensity of the irradiation. The addition of inert gases 
(helium, neon, nitrogen, argon, krypton, or xenon) increases the rate 
of polymerisation and the reaction rate seems to depend on the total 
ionisation and not on the ionisation of acetylene alone. It was in 
respect of this reaction that the clustering hypothesis was most 
strongly held, it being supposed that each ion l^came surrounded 
by about 20 acetylene molecules which reacted upon neutralisation to 
give one polymeric molecule (Lind and Bardwell, Science, 1926, 62, 
693). 

CjH, -h a —► e OL 

4 - 19 

(CjHjjjo* I e ► (^a^a)ao 

The product is insoluble and hence molecular weight determinations 
are impossible, whilst Watson’s electron microscopic studies indi¬ 
cated that the particles obtained comprise more than 19 or 20 
acetylene units, but otherwise neither confirmed nor disproved the 
cluster mechanism. 

In point of fact, however, this strained the cluster concept rather 
severely, as it is diflScult to picture sufficiently strong polarisation 
forces as to hold together such a large cluster. It is now known that 
the polymerisation of unsaturated hydrocarbons can be sensitised by 
free radicals, so there is no objection to a mechanism involving step¬ 
wise addition, whilst chain transfer reactions may occur as with 
other polymerisation reactions. It was pointed out by Garrison 
(J. Chem. Phyd,, 1947, 15, 78) that in an ionic or Friedel-Crafbs 
polymerisation aluminium chloride, boron trifluoride, protons, or 
other strong acids [in the Lewis sense] lower the activation energy 
by combining with the ionic activated state in which two electrons 
of the unsaturated bond occupy the same orbital. Hence he sug¬ 
gested that in the polymerisation of acetylene by ionising radiations 
the CjH, ^ ions may act as the acid catalyst by combining with the 
negative carbon atom of the ionic resonance form of acetylene 
according to the equation 

U 


Polymer would be formed by further reaction of the positively 
charged carbon. The presence of an unshared electron in the 
C«H,+ ion would make a polymerisation via a free radical meohaniam 
also possible, in wbioh case reaction occurs according to the equation 





H 
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It has been observed by Bosenblum (J, Phys. CoU. Ohem., 1948, 
52, 474) that, in addition to the high molecular weight polymer, 
benzene is also a product of the ra^liochemical polymerisation, of 
acetylene. Under the conditions studied by him about one-fifth of 
the reacting acetylene was used in benzene formation. He pointed 
out that, on the cluster theory, this would imply that there must be 
two sizes of cluster, one of three molecules and the other of much 
larger size, the former being the more numerous, a supposition 
entirely at variance with the cluster theory. Owing to its striking 
similarity to the photochemical reaction, Bosenblum prefers to 
explain the radiochemical reaction as proceeding through successive 
bimolocular reactions between a normal acetylene molecule and an 
excited molecule of acetylene or polymer, thus 

C,H,* (C,H.),* 

where (CjH,),* and (CjH,),* stand for excited polymer molecules 
presumed to be linear in character. At the trimer stage two reactions 
may occur,,oither further polymerisation to form ( 0 ,H,) 4 *, etc., or 
cyclisation to form benzene 

-► C,H, 

He showed that this last reaction is possible thcrmochemically. 

Whatever may prove to be the mechanism of this reaction, 
whether it may prove to occur through the ions or excited molecules 
or both, the effects of the inert gas molecules must be explained. 
Their effects may be due to their ionising or exciting an acetylene 
molecule on collision, or to their entering initially into the com¬ 
position of the polymeric ions and then being eliminated again on 
neutralisation. 

In liquid media the position with regard to radiochemical 
reactions is even more complex. The decomposition of water by 
a-partioles was first observed in about 1905, and during subsequent 
years various investigations seemed to indicate that the reaction was 
a simple radiation decomposition with production of hydrogen and 
oxygen, but with some of the oxygen remaining as hydrogen peroxide. 
The yield was about two molecules of hydrogen per 100 ev. of radiation 
energy absorbed. 

The effect of X-rays had been regarded as similar, but in 1929 
Bisse {Z. physikal. Chem., 1929,140, 133) observed that pure water 
was not decomposed by X-rays, and that the formation of hydrogen 
peroxide usually observed under such conditions arose from reaction 
between dissolved oxygen and the water. In following up this 
observation, Fricke and his co-workers {J. Chem. Phys., 1938,6, 229) 
fbimd that the gas evolved from irradiated water comprised hydrogen 
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and carbon dioxide, and must have arisen from the decomposition of 
organic matter in tlie water. Purification of the water to remove 
organic matter reduced the yield of gas, but this never became zero, 
and Fricke suggested that irradiation with X-rays was the best 
method of purifying water. 

On the other hand. X-rays oxidise or reduce inorganic compounds 
in aqueous solution, and decompose organic compounds with evolu¬ 
tion of hydrogen and sometimes of carbon dioxide ; in each case one 
molecule reacts for approximately every 100 ev. absorbed. The 
evidence indicates that the radiation activates the water to a form of 
sufficiently long life to permit it to encounter and react with solute 
molecules before this energy is dissipated, oven when the solution is 
very dilute. As no other active species would have a sulfioiontly 
long life for this purpose, it is now believed that the water is decom¬ 
posed under irradiation into the free radicals H and OH. The 
formation of these radicals would be expected Jia the natural sequel 
to ionisation of the water by the radiation 

11,0 -> TfjO^ I f 

H,() 4 t -> H h OH' 

HaO^ } HaO « OH 

Similarly, excited water molecules might be expected to tlissociate 
directly into H and OH radicals. 

In the absence of a solute with which they can react, these 
radicals will disappear by reaction with one another to re-form water 
or to form hydrogen and hydrogen peroxide. The reason why the 
latter products are obtained in appreciable quantities when irradiation 
is carried out with a-particles, but not when X-rays are passed through 
pure water, is to be sought in the reactions in which the hydrogen and 
hydrogen peroxide are decomposed again, probably 

OH + H, H.O f H 

and H -f H,C), HjO + OH 

It would therefore be expected that a steady state concentration 
of the products would be obtained. This was confirmed by Allen 
and Ghormley (c/. Allen, J. PUys, Coll, Chem,, 1948, 52, 479) who 
showed that with 1 mev. electrons, or with X-rays, the equilibrium 
concentrations of the products were very low, and increased with 
increasing intensity of the irradiation. The difference between the 
effects of X-rays and of a-particles is therefore attributable to the 
greater ionising power of the latter, with the result that the amount 
of hydrogen produced exceeds its solubility at atmospheric pressure, 
and the gas is evolved. The evolution of oxygen is attributable to 
the decomposition of the hydrogen peroxide. With deuteron bom¬ 
bardment the state of affairs is intermediate, the steady state 
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corresponding to a hydrogen pressure of only slightly above one 
atmosphere. 

The presence of solutes complicates this picture very considerably, 
as some can be oxidised, some reduced, and even those solutes which 
appear to be unaffected, like traces of potassium bromide, hydro- 
cUorio acid, nitric acid, and even dissolved Pyrex glass, can still 
increase the steady state hydrogen pressure. This latter effect is 
attributed to inhibition of the back reaction by the solute. It has 
been pointed out by Allen that the back reaction is a chain process, 
closely resembling the hydrogen-chlorine reaction, but with OH 
radicals taking the place of chlorine atoms and hydrogen peroxide 
molecules that of chlorine molecules. The effect of impurities, there¬ 
fore, resembles closely that of inhibitors in the hydrogen-chlorine 
reaction, and is most probably due to chain-breaking reactions. Ho 
suggests, for instance, that the dissolved glass may react with OH 
radicals to form some sort of persilicic acid radicad which is incapable 
of reacting with hydrogen molecules. In the presence of nitric acid, 
during short irradiations practically only hydrogen is evolved, but 
after cessation of the irradiation oxygen continues to be evolved 
until the final gas is exactly one-third oxygen. He considers that 
the OH radicals become tied up with the nitric acid to produce some 
form of pernitric acid which is thermally unstable but, imlike 
hydrogen peroxide, will not combine with hydrogen under irradiation. 
With long periods of irradiation a steady state is reached when 
oxygon is produced from the decomposition of the pernitric acid at 
the same rate as it combines with hydrogen under the influence of 
the radiation. 

Allen further suggests that, in the presence of bromide or iodide, 
interaction occurs between the hydroxyl radicals and the halide ion, 
leading to a sequence of processes of the type 

H,0 —*■ H -fOH 
OH + Hr' -> Br + OH' 

Br + H — H- + Br- or{g ^ 

OH' + H+ -► H,0 

The sum of these processes is zero, and hence, since the halide ions 
increase the equilibrium concentrations of the decomposition pro¬ 
ducts over those for pure water, he infers that they must be produced 
in some way other than by interaction of radietds. He attributes the 
effect to the small regions of high ionisation (hot spots) at the end of 
each deotron track, where the radicals formed will react with one 
another before they have a chance to interact with bromide ions or 
bromine atoms. It is difficult to see on this theory, however, why 
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the increased equilibrium concentrations are attained in the presence 
of the halide, as similar hot spots will be present whether it is present 
or not. 

An alternative mechanism proposed by Dainton (NM.G. of 
Canada, Division of Atomic Energy, Research Report CRC304, 1946) 
was that the bromine atoms react not only with the free hydrogen 
atoms to form bromide ions, but also with the hydroxyl radicals to 
form hypobromous acid, which in turn could react with further 
hydroxyl radicals to form hydrogen peroxide 

Br } OH HOBr 

HOBr + OH U.,(\ + Br 

As the hydroxyl radicals are used up in this way the equivalent 
number of hydrogen atoms must recombine to form hydrogen mole¬ 
cules. This view certainly does appear to explain the increased 
liberation of hydrogen and hydrogen peroxide quite simply ; Allen 
regards this process as possible, but its introduction unnecessary. 

Oxidation and reduction reactions in aqueous solution are com¬ 
paratively easily explained as being brought about by the hydrogen 
and hydroxyl radicals, e,g. 

og. 4- H —► aq. -f H+, aq. 

Fo+^, a(7. f OH —V Fo+^^, af?. 1 OIF 

although oxidation by hydrogen peroxide also occurs in many 
instances. As normally both the oxidation and reduction process 
can be brought about under the action of the radicals, an equilibrium 
state will bo attained in such systems in which the ratio of the 
oxidised to the reduced form depends on the redox potential, the 
typo of radiation involved, the hydrogen peroxide concentration, etc. 

The radiation-induced reactions of organic compounds in aqueous 
solutions appear also to result from the action of hydrogen atoms and 
hydroxyl radicals. For instance, in the y-ray induced polymerisa¬ 
tion of acrylonitrile in aqueous solution, studied by Dainton (J. Phys, 
Coll. Chern., 1948, 52, 490) the reaction rate is independent of the 
dose rate and is of second order with respect to the solute concentra¬ 
tion. This can be accounted for only by some reaction scheme of the 
form 

H or OH + nil —^ (Initiation of chains) 

mj* -f mi —► mj-^-i* (Propagation of chains) 

Wj* 4- H or OH — ► ny (Termination of chains) 

where mi and m, refer to the monomeric form and a polymer com¬ 
prising j units, respectively. 

The effects of radiation on liquid organic compounds and on 
solutions in organic solvents have been much less fully investigated, 
and a generalised summary is at present unwarranted. Again, how¬ 
ever, the products formed and the reaction kinetics are compatible 
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with the view that the processes operate through the formation of 
ions and free radicals, the latter being produced either by the 
detachment of a hydrogen atom or by rupture of the weakest 
carbon-carbon linkage. 

BIOCHEMISTRY. By C. Long, M.A., B.Sc., D.Phil., Department of 
Biological Ciiemistry, iTniveisity of Abordoon. 

Recent Studies on Phospholipins 
The group of compounds known collectively as phospholipins, 
phospliolipidos or phosphatides, is composed of substances occurring 
in biological materials which possess both phosphate and fatty 
acid radicals in their chemical structures. For many years it was 
believed that this group included only a small number of closely 
related chemical individuals having very similar physical properties. 
Recently, however, several new types of phospholipin have been 
isolated, so that at present they comprise a very diverse group 
having widely different physical properties and chemical structures. 
Moreover, there is every indication that their numbers will continue 
to increase, for except in a very few cases, it has not been possible 
to account for the total phosphorus in a sample of crude phospholipin 
in terms of compounds of known constitution. 

The widespread occurrence of phospholipins in cell protoplasm 
has been well established for many years and is indeed one of the 
main reasons for attaching such importance to the study of these 
substances. During recent years, several workers have been active 
in studying the metabolism of the phospholipins both in the intact 
animal and in surviving tissue preparations ; these investigations 
have been especially suited to and aided by the use of the now 
readily available radioactive phosphorus, P^*. In spite of the 
progress which has been made in this direction, the physiological 
role of these compounds is still by no means completely understood. 
There is little doubt, however, that when a more distinct picture of 
the part played by the phospholipins in intermediary metabolism 
becomes available, it will be found to depend largely upon a sure 
knowledge of the chemical nature of these substances and of the 
action of onz 3 nnes upon them. During the last ten years, much 
progress has been made in both these fundamental fields of study, 
and the main purpose of this review will be to record some of these 
advances. 

Itos Chebiioal Nature of the Phospholipins 

Lecithin .—^The lecithin portion of a crude phospholipin prepara¬ 
tion may be taken as that part which contains the whole of its 
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nitrogen in the form of choline. Although the existence of lecithins 
has now been recognised for over a century, it has only recently 
become realised that ignorance of their ultimate chemical structure 
still prevails. For more than fifty years it had become customary 
to accept the existence in nature of both a- and /y-leoithins (i and ii 
respectively, derived from mixed component fatty acids represented 
by R.COOH). 

cn,o.co.R 

<!5H0.C0.R 

I - + 

CH,O.PO,.OCH,CH,N(CII,), 

(I) 

The main evidence for these configurations was the identification 
of both a- and /i-glycerophosphates in an acid or alkaline hydro¬ 
lysate of natural lecithin. Recent studies by Folch (J. bioL Chem,, 
1942, 146, 31) and by Baer and Kates (J. biol. C/iem,, 1048, 175, 
79), however, have shown that this evidence is not valid. Thus, 
Folch has observed that when several different phosphoglycerides 
were vigorously hydrolysed by boiling with concentrated mineral 
acid, in each case 73 per cent, of the resulting glycerophosphate was 
found to exist in the a-form and 27 per cent, in the /l-form. More¬ 
over, when pure a- or /i-glycerophosphoric acid was subject to the 
same treatment, a mixture of a- and /?*forms in a similar ratio was 
obtained. The work of Baer and Kates has yielded further informa¬ 
tion regarding this isomerisation, for they have shown that hydro¬ 
lysis of pure synthetic L-a-glyccrophosphorylcholine under the 
mildest possible conditions, using dilute acid or alkali at body 
temperature, gave rise not only to the expected L-a-glycerophosphate 
but also to appreciable amounts of racemic a-glycerophosphate and 
of jS-glycerophosphate. It is inferred from these studies that under 
the conditions of acid or alkaline hydrolysis, a reversible inter- 
conversion between a- and ^^-glycerophosphates is readily established, 
so that hydrolysis of either a- or ^-lecithin would give rise to mixed 
glycerophosphates. Earlier results based on hydrolytic procedures 
are not entirely worthless, however, for, since on theoretical grounds 
only a-lecithin can be hydrolysed to an optically-active a-glycero* 
phosphate, the isolation of this latter substance from a lecithin 
hydrolysate must be accepted as clear evidence for the existence in 
nature of the a-form. /?-Ijecithin, on the other hand, would normally 
give rise to /S-glycerophosphate, which by isomerisation could yield 
only the racemic form of a-glycerophosphate. At the present time 
there is insufficient evidence to decide whether or not /?-lecithins 


rHaO.co.H 

(™.PO,.OCHaCH,N(CH,)3 

CHjO.CO.R 

( 11 ) 
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also exist naturally. Before this can be proved, it will be necessary 
to remove the fatty acid radioak from natural lecithins by methods 
which exclude the possibility of a/? interconversion. It should be 
stressed here that this uncertainty regarding the true configuration 
of the lecithins applies also to the other phosphoglycerides which 
will be referred to later. 

Turning now to a consideration of the nature of the component 
fatty acids of the lecithins, it should bo pointed out that earlier 
studies, which have been summarised by Levene and Rolf (Physiol. 
Rev., 1921, 1, 327), indicated that, when lecithins from different 
sources were hydrolysed, approximately one saturated and one 
unsaturated fatty acid per molecule could be identified. During 
the past thirty years this finding has been repeatedly confirmed. 
Lately, however, the preparation from two widely different sources 
of a lecithin containing no unsaturated fatty acid components, 
namely dipalmityl-lecithin (hydrolecithin), has been reported. 
Lesuk & Anderson (J. biol. Ghem., 1941,139, 457) and Thannhiiuser 
et al. (J. biol. Chem., 1946,166, 669 ; 1948,172, 135) have isolated 
this substance from the larvse of the tapeworm Cysticercus fasciolaris 
and from a number of ox-tissues, respectively. Whether dipalmityl- 
lecithin has any special significance in metabolism is not yet known, 
but the fact that its existence remained undiscovered until so 
recently is readily explained. One of the initial stages in the fraction¬ 
ation of phospholipins is the extraction of lecithins and kephalins 
into ethereal solution, a process which leaves sphingomyelin un¬ 
dissolved. The absence of unsaturated fatty acid radicals from 
dipalmityl-lecithin, however, renders this substance insoluble in 
ether, so that it naturally becomes associated with the sphingomyelin 
fraction. It was from this source that, with considerable difficulty, 
Thannhauser and associates were able to isolate it. 

It was earlier pointed out that the naturally-occurring lecithins 
were characterised by the presence of bound choline in their 
molecules. Considerable interest therefore is attached to the fact 
that a lecithin analogue containing arsenocholine in place of choline 
has been prepared biosynthetically. This arsenic-containing phos- 
pholipin has been isolated by Welch and Landau (J. biol. Chem., 

1942, 144, 581) from the carcasses of experimental animals fed 

+ “• 

on a diet containing arsenocholine chloride (HOCH|CHaAs(CH 3 )sCl). 
This particular observation is of some significance for it provided 
one of the earliest pieces of evidence for the view that lecithins were 
synthesised from choline derived directly from the diet. 

PhosphaHdic Acids .—^Perhaps the most striking advance in the . 
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field of phospholipin chemistry of recent years has been the dis¬ 
covery of several new phosphatidic acids. The first of these sub¬ 
stances was isolated from cabbage leaves more than twenty years 
ago by Chibnall and Channon (Biochem, J., 1927, 21 , 233, 1112). 
Structurally, a phosphatidic acid is a phospholipin containing no 
basic radical. Thus a lecithin molecule could lose its choline group 
and so form the corresponding diglyceridephosphoric acid; this 
was the t3rpe of phosphatidic acid isolated by Chibnall and Channon. 
Another, though slightly more complex, type of phosphatidic acid 
would be obtained by replacing the choline portion of lecithin by a 
non-basic group. As a result of the absence of a basic group, 
phosphatidic acids arc strongly acidic and occur in biological 
materials as sodium, potassium, calcium or magnesium salts. In 
the cose of the cabbage-leaf jjroduct, the calcium salt was isolated. 
This occurrence in the form of salts is quite the most characteristic 
property of the phosphatidic acids. 

The new phosphatidic acids have generally been isolated from 
the “ kephalin fraction of crude phospholipins, i.c. the fraction 
soluble in ether but practically insoluble in ethanol. In this con¬ 
nection it should be mentioned that for many years the nitrogen 
of kephalin has been known to exist exclusively in the form of amino- 
nitrogen. Pamas {Biochem, Z.y 1909, 22, 411) was the first to 
suggest that all the kephalin-N was present as othanolamine. In 
the years that followed, the claim was supported by other workers 
and gradually came to be accepted. It should be noted, however, 
that during this period McArthur (J. Am, Chem, Soc,y 1914, 36 , 
2397) did not support this view, but maintained instead that at 
least a part of the nitrogen was present as aminoacid-N. His 
evidence was based on the ability of kephalin hydrolysates to 
dissolve cupric hydroxide giving blue solutions, a property shared 
by all amino-acids, but not possessed by other amino compounds. 

In 1941, the presence of the hydroxyaminoacid serine in the 
kephalin fraction of brain was shown independently by Folch and 
Schneider (J. bioL Chem.y 137 , 51) in the United States and by 
Schuwirth (Z. 'physiol. Chem.y 270 , 1 ; also 1942, 277 , 87) in 
Germany. About this time too, Chargaff, Ziff and Rittenberg 
{J. biol Chem.y 1941, 138 , 439; 1942, 144 , 343) had arrived at 
a similar conclusion. In further papers, Folch (J. biol. Chem.y 
1942, 146 , 35 ; 1948, 174 , 439) has shown conclusively that the 
serine moiety is esterified through its hydroxyl group with the 
phosphoric acid portion of the molecule. The complete molecule 
is designated phosphatidyl serme and appears to constitute between 
40 and 70 per cent, of the kephalin fraction of ox-brain. Part of 
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the remainder has been identified as phosphatidyl ethanolamine, the 
compound which had earlier been assumed to represent the whole 
fraction. The presence of phosphatidyl serine in the kephalin 
fraction of other tissues has been shown by Artom («/. biol, Chcm.^ 
1945, 167, 585, 595), who identified serine among the hydrolysates 
of these fractions. The structures of phosphatidyl ethanolamino 
(III) and phosphatidyl serine (iv) are shown below. The a-form of 
these compounds is given, although it should be emphasised that, 
as in the case of lecithin, the existence of a- and j9-configurations 
has not yet been settled. These structural formulsB indicate clearly 
the essential difference between these two substances. 


CH,O.CO.R 

CH.O.CO.R 

1 

1 + 

CHO.CO.R 

CHO.CO.R NHj 

1 - + 

1 - / 

CH,0.rO,.OCH,CH,NH, 

CH,O.PO,.OCHgCH 

K+ ^COO 

(III) 

(IV) 


In phosphatidyl cthanolaniine, the molecule exists in nature in a 
state approaching electrical neutrality, possessing one positive and 
one negative charge. In phosphatidyl serine, the additional ionised 
carboxyl group lends to the molecule a net negative charge which 
necessitates salt formation. Preparations of this substance, isolated 
by extraction and precipitation with organic solvents only, contain 
one equivalent of kation, chiefly potassium with a small amount 
of sodium. Phosphatidyl serine must therefore be regarded as the 
alkali salt of a phosphatidic acid. 

In recent years, phospholipins containing bound inositol have 
also been isolated from a number of sources including ox-brain, 
soya bean and tubercle bacilli. At the present time it cannot be 
stated definitely whether or not the different products are more or 
less impure varieties of a single substance. Although the ultimate 
chemical structure has been determined in no single caee, the 
products all appear to be phosphatidic acids. Klenk and Sakai 
(Z. physiol. Chem., 1939, 258, 33) were the first to isolate a fraction 
from soya bean kephalin which upon acid hydrolysis yielded ino- 
sitolmonophosphoric acid and glycerophosphoric acid. It now seems 
probable that this soya bean phospholipin is either identical with, or 
very similar to, the substance described by de SutO-Nagy and 
Anderson (J. biol. Chem., 1947,171, 761), who reported the isolation 
of an organic phosphoric acid, CtHgoOi 4 P*, from residues of tubercle 
bacilli grown on an artificial medium. Mild hydrolysis of this sub- 
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iiance also gave equimoleoular amounts of inositolmonophosphoric 
ph/ glycerophosphorio acids, 

th By contrast with the products found in soya bean and tubercle 
aju^ilU, much more experimental work has been carried out on the 
hositol-containing phospholipin of ox-brain. In 1942, Poloh and 
WooUey (J. biol. Ghem,, 142, 963) showed the presence of boimd 
inositol in that fraction of an ox-brain kephalin preparation which 
was least soluble in ethanol. More recently, Folch (J. biol. Chem,^ 
1949, 177, 605) has succeeded in separating this compound from 
accompanying phospholipins and, though Ins product was still not 
completely homogeneous, it was sufficiently pure to attempt a 
determination of its chemical structure. On partial hydrolysis it 
yielded equimolecxilar amounts of inositolmeiadiphosphate, glycerol 
and fatty acid and evidence was presented to show that both 
phosphate radicals were present in the form of diesters. Folch has 
named this compound dijyhosphoinoaitide and has proposed the 
somewhat vague structure (v); R and R' are stated to represent 
unknown radicals. Tn view of the identification of the products of 
hydrolysis, it is difficult to escape the conclusion that R and R' 
represent fatty acid and glycerol radicals. Yet this conclusion is 
unsatisfactory, for it would indicate the presence of an energy-rich 
bond linking the phosphate and fatty acid radicals, while titration 
studies provided no evidence for this. Diphosphoinositide exists in 
nature as the Ca—Mg salt, an<l so conforms to the requirements of 
a phosphatidic acid. Tlie relationship between diphosphoinositide 


O.POa.OR 

CH 


Ca++ 


IK OH HUGH 
nioH HCO.PO,.OR' 



IICOH 


(V) 


and the phospholipins isolated by Klenk and Sakai and by de 
Silt6-Nagy and Anderson is still uncertain. The possibility should 
be considered, however, that removal of the fatty acid radical from 
diphosphoinositide would yield a compound which might be identical 
with the products isolated from soya bean and tubercle bacilli. 

It cannot yet be stated definitely that compounds of the type 
of diphosphoinositide are the only inositol-containing phospholipins, 

tr 
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for Woolley (J. bioL Chem., 1943,147, 681) haa isolated from soya 
bean a substance which he terms lipositol. On complete hydroly^l^ 
Upositol yielded equimolecular amounts of meso-inositol, galacto.^ 
phosphoric acid, oleic acid, mixed saturated fatty acid, cthanolamin 
and tartaric acid. Partial hydrolysis studies indicated that tht 
inositol moiety was linked to galactose and also to phosphoric acid, 
while the ethanolamine was esteriiied with tartaric acid. It could 
not be determined whether the two fatty acid molecules were esteri- 
fied with inositol or with galactose. The relationship between 
diphosphoinositide and lipositol is therefore by no moans clear; 
either they are two distinct compounds or else lipositol is a mixture 
of diphosphoinositide with galactolipin and perhaps other phospho- 
lipins, a possibility which has been suggested by Folch. 

While the ultimate structure of lipositol is still in doubt, it is 
interesting to note that two very important physiological properties 
have already been claimed for it. Thus Rhymer, Wallace, Byers 
and Carter {J. biol. Chem., 1047, 169, 457) found that as little as 1 
microgram suppressed the antibacterial activity of 60 micrograms of 
streptomycin with Staphylococcua aureua as the test organism; a 
similar result was obtained using EbertheUa typ/waum. The authors 
pointed out that if lipositol is assumed to possess the galactose- 
inositol structure indicated by Woolley, then the possibility of a 
metabolite-antimetabolite relationship unth streptomycin suggests 
itself. 

More recently. Overman and Wright (J. biol. Chem., 1948, 174, 
769), in a preliminary report, have observed an inhibitory effect 
of lipositol on thrombokinase, the lipoprotein enzyme which catalyses 
the conversion of prothrombin to thrombin. This very imexpected 
finding is of the greatest importance in the study of the mechanism 
of blood clotting, for crude kephalin has long been known to possess 
thromboplastic activity. 

A complex phosphatidic acid of considerable diagnostic import^ 
anco is the substance cardiolipin, isolated by Pangbom (J. biol. 
Chem, 1942, 143, 247 ; 1944, 153, 343) from ox-heart and found 
to possess characteristic serological properties. It has been known 
for many yecurs that the serum of a syphilitic patient gives, with a 
heart extract, prepared under certain defined conditions, a complex 
capable of fixing complement; this is the basis of the well-known 
Wassermann test. Recent work has shown that the activity of the 
heart extract is due to the combined effect of cholesterol, lecithin and 
cardiolipin and is greatest when these three components are present 
in certain determined proportions. Cardiolipin, on mild saponifica¬ 
tion, yields a mixture of linoleic and oleic acids in the approximate 
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ratio of 5:1, together with a oomplex polyester of glycerol and 
phosphoric acid. The products obtained on vigorous hydrolysis of 
this polyester suggest that it is derived from three phosphoric acid 
and four glycerol molecules. Such a compound would have six 
free alcoholic groups capable of being esterified with six molecules of 
fatty acid. In view of what has been said, it is possible that these 
consist of five molecules of linoleic and one of oleic acid. As isolated 
from ox-heart, the cardiolipin was in the form of the sodium salt. 
Tentatively, Pangborn (J. biol, Chem,, 1947,168, 351) has suggested 
the structure (vi) for the cardiolipin molecule. (R.CO— refers to 
the oleic (C 17 H 33 CO—) or linoleic -) acid radical. The 

a-linkage is shown, although the /i-form is equally probable.) 

R.C0.0CHa.CH(0.C0.R).CHa0.P0g.0CUa.CH(0.(X).R).CHa0 

\- 

PO, 3Na+ 

R.CO.OCH,.CH(O.CO.R).<’H,O.P 03 ,.OOH».CH(O.CO. R).C H,()^ 

(VI) 

Aceialphosphatide. —In 1927, Stepp, Feulgen and Voit, {Biochem. 
Z,y 181, 284) extracted from brain and skeletal muscle by means 
of ethanol a substance which they termed plamnalogan. The most 
characteristic reaction of this substance was found to be its de¬ 
composition by acid or mercuric chloride to liberate a steam-volatile 
substance plusmaly which gave an intense violet colour with the 
fuchsin-sulphurous acid reagent. Plasmal was shortly identified 
by Feulgen, Imiiauser and Behrens {Z. physiol. Chem., 1929, 180, 
161) as a mixture of long-chain aliphatic aldehydes, chiefly palmital- 
dehyde and stearaldehyde. In 1939, Feulgen and Bersin (Z. physiol. 
Chem.y 260, 217) succeeded in determining the structure of plas- 
malogen, which they renamed acetalphosphaiide. Chemically, 
acetalphosphatide is closely related to phosphatidyl ethanolamine, 
the only difference being that the two fatty acid radicals in the 
latter compound are replaced by one molecule of fatty aldehyde 
combined in a cyclic acetal linkage. This acetal linkage was found 
to be highly resistant to alkaline hydrolysis, so that a separation 
from other ether-soluble phospholipins was readily achieved. 
Prolonged saponification, however, split off the ethanolamine portion 
of the molecule leaving a nitrogen-free phosphatidic acid, so-called 
plasmalogenic acid. The structures of the a-form of plasmalogen 
(vii) derived from palmitaldehydo and the corresponding plasma- 
logenic acid (vili) are indicated. It is possible that plasmalogen 
al^ exists in a /J-form (ix), for Feulgen and Bersin obtained from the 
naturally-occurring substance, by the action of warm mercuric 
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chloride solution, which must be regarded as very mild treatment, a 
mixture of the ethanolamine esters of a- and jS-glycerophosphoric 
acids. Bersin et cU. (Z. physiol. Chem., 1941, 269, 241) have 
sjmthesised the aoetalphosphatido corresponding to (vn). 

CH,0 

I - H 

CH,O.PO,.OCH,CH,NH, 

(VII) 

NH,CH,Cn,0.P0,.06’H 'CH(CH»)uCH, 

(IX) 

Sphingomyelin .—^This phospholipin differs chemically from the 
lecithins and kephalins in that it is not a glyceride but contains 
instead the base sphingosine. In recent years the main interest 
has centred upon the elucidation of its structure. Thudichum in 
1882 was the first to isolate sphingomyelin from a mixture of crude 
brain phospholipins. By prolonged hydrolysis he obtained sphin* 
gosine and prepared many of its salts which are crystalline sub¬ 
stances. From determinations of its elementary composition, he 
assigned the formula CjvHstNOa to the free base. Much later, 
doubts were expressed concerning the correctness of this formula 
and Klenk (Z. physiol, Chem., 1929, 185, 169) produced evidence 
that sphingosine was a straight-chain Cia-compound containing one 
double bond, two hydroxyl and one amino group. He proposed 
the formula Ci|Ha 7 NOi and showed that the double bond lay beWeen 
C-atoms 14 and 16. It is only very recently, however, that the 
positions of the NHj and OH groups have been definitely located. 
Carter et al. (J. biol. Chem., 1947, 170, 286) were able to achieve 
this by demonstrating the inertness of N-benzoyl sphingosine 
towarcb periodic acid, an indication that the two OH groups are not 
adjacent. 

In the sphingomyelin molecule itself, the fatty acid and sphin¬ 
gosine radicals are joined by tm amide linkage which is fairly resistant 
to chemical hydrolysis. In this respect, sphingomyelin differs from 
the phosphoglycerides in which the fatty acids are present as esters. 
One of the hydroxyl groups of sphingomyelin is free and the oHier 
is esterified with phosphoiylcholine, as in lecithin. The complete 
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structure of sphingomyelin is now believed to be represented by 
(x). The component fatty acids have been found mainly to belong 

CH3(CHj)i,CH::zzCH.CH.CH.CH,OTI 
O NH.CO.R 

J 

OCH3Cll3N(OH3)3 

(X) 

to the C 24 -fatty acid series. While the amide linkage is resistant to 
chemical attack^ it seems possible that it may bo more easily broken 
enzymatically, for Booth (Biorhem, J., 1935, 29, 2071) and King 
and Small (Biochem. «/., 1939,33, 1135) isolated sphingosophojiphoryl- 
choline from ox-kidney and pig-pancreas, respectively. This find¬ 
ing could of course be alternatively explained by assuming that 
sphingosophospliorylcholine is a precursor of sphingomyelin. 

Reviews. —^Thannhauser and Schmidt {Physiol Rev., 1946, 
26, 276) have reviewed work on lipides up to about 1945 ; brain 
lipides have been discussed by Braiite {AcUi physiol Seemly 1949, 
18, Supplement 63). 

(To be conclwled in the next issue.) 

GEOLOGY. By G. W. Tyrkell, A.R.C.Sc., D.Sc., F.R.8.E., The Univer- 
sity, Glasgow. 

The Intebiob of the Earth : Geochemistry. —In a paper 
t)ber den Zustand des Erdinnern und seine Enstohung aus einem 
homogenen Urzustand,’’ W. Kuhn and A. Rittmann (Oeol Rundsch., 
32, 1941, 215-56), followed by W. Kuhn on the “ Stoffliche Homo- 
genitat des Erdinnern ” (Die NcUurwiss., 30, 1942, 689-96), an 
entirely different view of the constitution of the interior of the earth 
to that which is commonly accepted is propounded. The authors 
point out that if the earth was derived from the sun the initial matter 
of the new planet must have been very rich in hydrogen. The early 
history of the earth must then have been dominated by the loss of 
hydrogen with consequent superficial cooling. The mechanism of 
escape would involve a selective transport of relatively less volatile 
material than hydrogen, or such materials as silica which form 
volatile compounds with fluorine, etc,, towards the surface, with the 
formation of a thin “ Sial rind, and an underl 3 ring thicker crust of 
Fema.” Thus far the authors are in accord with the orthodox 
view. The novelty of their hypothesis is the idea that, under the pre¬ 
vailing high temperature, pressure, and viscosity, and the decreasing 
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efficiency of separation obtaining towards the centre of the earth, 
there can have been no force adequate to bring about a further 
separation of any immiscible phase. In particular, the idea of an 
iron core at the centre of the earth must be abandoned. Kuhn and 
Kittmann believe that, just under the crust, a silicate-metal zone 
exists as an imdifferentiated emulsion, and that undiflFercntiated 
solar material occurs from a half-radius depth to the centre of the 
earth. 

The often-used analogy between the composition of meteorites 
and that of earth zones is criticised by the authors on the ground that 
the iron meteorites are far more conspicuous and durable than the 
stony types, and their relative abundance is therefore greatly exag¬ 
gerated. The most important geochemical consequence of this new 
hypothesis is that it necessitates a completely difiFeront set of values 
for the abundance of elements in the earth as a whole. (The writer 
is indebted to Dr. D. T. Gibson, of the Chemical Institute, Glasgow 
University, for the gist of this paragraph.) 

R. W. van Bemmelen has given a comprehensive summary of the 
physico-chemical evolution of the earth (“ De physiseh-chemische 
Ontwikkeling der Aarde,” GeoL en Mijnb., 11, 1949, 1-21). He 
suggests that planetary systems are normal products of stellar 
evolution. In the earth the core of the planet may still consist of 
“ mono-atomic gaseous matter in a hyper-critical state, enriched by 
siderophile elements ** (Kuhn and Rittmann, op. ciL supra). There¬ 
after fractional condensation produced the successive earth shells, 
first the bi-atomic intermediate shell, and then the pleo-atomic 
silicate mantle. During the condensation of the last-named the 
composition gradually changed from sub-silicic (Sifema), to an ortho- 
or meta-silicic composition in the outer parts. Then began geological 
history sensu stricto. The source of energy is found in geochemical 
processes (hypo-differentiation). Orogeny, epeirogeny, isostatic 
anomalies, and deep-focus earthquakes are all explicable on this 
geochemical hypothesis. 

In a paper on “ Radial Diffusion and Chemical Stability in the 
Gravitational Field,’’ H. Ramberg {Joum. GcoZ., 56, 1948, 448-58) 
shows that forces exist which tend to cause elements to diffuse in 
directions consistent with the present radial distribution of those 
elements in the earth. Because gravity influences chemical equili¬ 
brium, consideration of the thermodynamics of the earth requires 
understanding of chemical processes and stability in the gravitational 
field. Ramberg analyses the influence of gravity on the stability of 
mixed condensates (crystals or magmas), and asserts that this theo¬ 
retical analysis supports the hjqpothesis of granitisation and meta- 
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somatism by upward diffusion of some of the elements. (This view 
is in direct opposition to others : sec, for example, R. Jagitsoh, 
‘‘ Geological Diffusion in Solid Phaees,’* Nature, 164, Sept. 17, 
1949, 297-8.) 

A criticism of certain abstruse points in Ramberg’s paper is made 
by J. Verhoogen, and Ramberg makes a reply, the completeness of 
which the writer of these notes, not being a mathematician, is not 
competent to assess (“ Radial Diffusion and Chemical Stability in the 
Gravitational Field.” Discussion and Reply by J. Verhoogen and 
H. Ramberg respectively, Jmirn. Oeol, 57, 1949, 93-7). 

The composition and abundance of various types of meteorites 
have been used as data for confirming or denying views on the 
composition of the interior of the earth. Hence the study by 
H, Brown and C. Patterson on “ The Composition of Meteoritio 
Matter III. Phase Equilibria, Genetic Relationships, and Planet 
Structure ” {Joum. OeoL, 56, 1948, 8.5-111) is thoroughly topical. 
Stress is laid on the following points : (a) distribution of elements 
between meteoritic phases ; (6) average composition os a function 
of the metal phase content; (c) correlation between distribution of 
elements, thermochemical and thermodynamic data. It is thereby 
shown that if the observed distribution of elements represents 
equilibrium conditions, then equilibrium must have been established 
at temperatures of the order of 3000° C., and pressures of the order 
of 10*-10® atm. The conditions of equilibrium vary from meteorite 
to meteorite in such a way that the greater the metal phase content 
the higher the temperature and/or pressure. The data strongly 
support the view that the origin of meteorites was in a planet 
similar to the earth in general physico-chemical aspects. 

The first volume of a new periodical. Memoirs and Notes from the 
Institute of Applied Oeology of the University of Naples, has made 
a good start with a number of important papers mainly on the 
connection between temperature, igneous action, and orogeny, A. 
Rittman La temperature nella orostre terrestre a Torogenesi ” 
Mem. e Note delV Institute d. Oeol. Appl. delV Univ. Napcli, I, 1948, 
21-38) elaborates his views on the connection between temperature 
and orogeny in the earth’s crust which have already been dealt with 
in a previous issue (Scirnob Progress, Jan. 1950, 106). On the 
basis of the laws of physical chemistry he endeavours to establish 
temperature distribution and thermal l^haviour down to a depth of 
100 km. Further, he examines the influence of temperature con¬ 
ditions in causing subcrustal currents which, in turn, bear on the 
genesis and development of geotectonic movements. 

F. Ippolytd follows with a paper on “ Intomo ad una nuova 
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teoria sull’ origins del Sial e suU’ orogenesi ” (ibid., 39-62), which is 
a critical exposition of Bittmann’s recent theory connecting petro- 
genesis and orogeny with the origin of Sial (see above). He discusses 
and rejects J. H. F. Umbgrove’s objections to certain points, and 
goes on to suggest that Umbgrove’s own theory of the origin of 
continents and oceans is invalid. 

In a further paper A. Bittmann discusses the pre-geological 
pneumatosphere and its importance in geological problems (ibid., 
63-73). In the pre-geological evolution of the earth he shows that, 
in addition to the primitive crust of alkaline basalts, there was 
formed a shell of granite-aplite composition by the action of the 
primordial atmosphere (pneumatosphere) upon the original crust. 
From this shell and its successive transformations arose the first 
Sial. (The writer of these notes is indebted to Mr. A. D. MaoKinven, 
of the Italian Dept., University of Glasgow, for translations.) 

W. Wahl’s paper on “ Isostasy and the Origin of Sial and Sima, 
and of Parental Bock Magmas ” (Amer. Joum. Sci., 247, 1949, 
145-67) covers so much ground that the commentator can hardly 
do more than transcribe the headings. The author states that his 
aim has been to discuss “ the geochemical processes originating and 
taking place on accoimt of isostatic adjustment and its extreme con¬ 
sequences as they manifest themselves in orogenic zones.” Wahl 
bases his views on Vening Meinesz’s theory of orogenic movement 
and geosynclinal formation expressed in his paper of 1948 (Scibnoe 
Pboobbss, Jan. 1960, 104). He then goes on to discuss the geo¬ 
chemical consequences of isostatic adjustment, especially the melting 
of the “ sialic root.” The “ palingenic magmas ” produced in this 
way cannot possess much eruptive power, and will probably only be 
able to impregnate the adjacent rocks just above them. Wahl next 
suggests that, dming orogeny,four ” parental magmas ” may appear: 
spilitic ranging to picritic ; granodioritic differentiating in the usual 
way; basaltic magma; and, finally, potash-granitic magma of 
composition close to the ” granite eutectic.” Kratogenic parts of 
the earth’s emst also have their distinctive magmas: ” plateau 
basalts,” olivine-rich basalts, foyaitic and essexitic magmas, etc. 
The author also deals with the origin of Sial and Sima, the origin of 
the layering of the crust, and the nature of the original crust of the 
earth which he finds to be ” meteoritio chondritic tuff.” This paper 
is worthy of much more extended comment and criticism. 

In his paper on ” Crustal Layers and the Origin of Ore Deposits,” 
W. Q. Kennedy (Schweiz. Min. Petr. Mitt., XXVIII, 1948, 1-8) has 
related the problem of the origin of ore deposits to his conception 
of platonic and volowiio associations in the crust of tiie earth. In 
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his view ore deposits are predominantly associated with rooks of the 
plutonic association, which are believed to be derived firom the 
granitic layer of the earth’s crust and, perhaps, the tholeiitic layer 
which was derived by interaction of the primaeval basaltic shell with 
the underside of the contents. A subsidiary problem is the associa¬ 
tion of metallic ores with specific types of magma and specific 
sectors of the earth’s crust. This points to pre-existing localised 
concentrations of metallic elements within the crust and, more 
specifically, within the granitic layer. How these concentrations 
arose is a matter for speculation, but Kemiedy suggests that they 
originally occurred within the sedimentary material incorporated 
in granitic terranes by processes of previous sedimentary and 
raetamorphic differentiation. 

D, T. Gibson has written a most valuable survey of “ The Terres¬ 
trial Distribution of the Elements ” {QtuirL Reviews^ Chem, Soc. ///, 
No. 3, i949, 263-91) which, as it has been carried out from the point 
of view of a chemist, is full of the most interesting sidelights for the 
geologist. Dr. Gibson utilises V. M. Goldschmidt’s well-known 
scheme for the geochemical history of the earth as a framework for 
his discussion, and is especially illuminating on the fate of the rare 
elements during the second phase-parting, i,e. the crystallisation of 
magmas. There is also a good discussion of the geochemistry of the 
atmosphere, the ocean, and especially of weathering os the agent 
which makes many elements, rare and less rare, available for economic 
uses. 

Discussing “ Oxidation and Reduction in Geochemistry,” B. 
Mason {Joum. Geol,^ 57, 1949, 62-72) finds that the processes of 
oxidation and reduction are correlated with the geochemical cycle 
which runs from the original magmatic state, through weathering, 
diagenesis and lithification, to metamorphism, and finally, reconstitu¬ 
tion to magma. The magmatic environment is strongly reducing, 
and igneous rooks show a low state of oxidation. Weathering in 
contact with free oxygen, on the other hand, has a high oxidation 
potential. In diagenesis there is again some degree of reduction 
which becomes progressively greater in the metamorphic grade. 
Nevertheless, a high state of oxidation may persist through the 
metamorphic process owing to disequilibrium, and a high Fefi^/FeO 
ratio is a useful indication of original sedimentary characters. TTie 
significance of oxidation potentials in geochemistry is specially 
marked in the frequent concentrations of rare elements in deposits 
formed under extreme oxidising or reducing conditions. 

According to G. C. Kennedy in a paper on “ Equilibrium between 
Volatiles and Iron Oxides in Igneous Bocks ” (Amer. Joum. Sci., 
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246, 1048, 520-49) evaluation of the ferrous-ferric ratio in igneous 
rocks throws light on several problems of volcanology anS petro- 
genesis. The equilibrium constant for the reaction 2Fe|Os ^ 
FeO + Oa is known for the temperature range 1200'* C.-1420'’ C., 
and can be computed for lower temperatures. It is possible to 
compute therefrom the partial pressure of Oj necessary to maintain 
a given ferrous-ferric ratio in a silicate system. From these con¬ 
siderations it is deduced that the gases of Halemaumau volcano 
(Hawaii) contained approximately 0*163 vol. per cent, of free H,; 
and if the magmas of certain Californian gabbros were of similar 
composition to the Hawaiian lavas it can be computed that they 
crystallised under a mean vol. pressure of about 250 atm. Further, 
studies of the rate of conversion of FeO to FegOa ^ laboratory 
melt of basalt exposed to atmospheric oxygen show that the rate of 
surface heating of a lava due to oxidation of the contained iron will 
be negligible in comparison with the rate of cooling by radiation. 

S. J. Shand has dealt with “ The Genesis of Intrusive Magnetite 
and Related Ores ” (Earn. OeoL, XLII, 1947, 634-6). Most geolo¬ 
gists are agreed that these ores have been segregated in some way 
from the rocks into which they have been injected. They have been 
ascribed to the crystallisation of late-stage magmatic residues. But 
there is no solvent that can dissolve and re-precipitate these ores. 
Shand solves the problem by showing that the ferrous oxide which 
is now known to form a major constituent in residues from the 
crystallisation of gabbroidal magmas must be in the condition of a 
ferrous oxide hydrosol, and that it will be precipitated as magnetite 
by a process of self-oxidation according to the equation : 

3Fe(OH), - h 2H,0 h H, 

(Very similar ideas wore put forward in regard both to magnetite 
and sulphide ores in a much-neglected memoir by W. H. Good- 
child, “ Evolution of Ore Deposits from Igneous Magmas,” Mining 
Mag., 1918.) 

In a paper on ” Titanic Iron Ore formed by Dissociation of 
Silicates in Granulitic Facies,” H. Bamberg {Econ. OeoL, 43, 1948, 
553-70) shows that rooks of chamockitio affinities, including anor¬ 
thosites, are recrystallised under granulitic facies conditions. The 
stability relations of some silicates (hornblende, biotite, sphene, 
titanaugite) require the liberation of titanium and some iron from 
the silicate lattices under the above conditions. This agrees with 
the fact that titaniferous iron ores tend to develop in rock com¬ 
plexes that have been recrystallised in the granulite facies, and 
suggests genetic relationships between the liberation of ore elements 
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from the Bilioates, and the segregation of ore bodies in> or near, basic 
noritio rocks and anorthosites. 

H. E. Suess has discussed Die Haiifigkeit der Edelgase auf der 
Erde und in Kosmos *’ {Jovm. OeoL, 57, 1949, 600-7). The cosmic 
abundance of the rare gases is now known with sufficient accuracy to 
permit a comparison with the corresponding data for the earth^s 
atmosphere. Comparison of these values with those for the compo¬ 
sition of the earth and its atmosphere shows that the relative abund¬ 
ance of xenon is about 10” times smaller on the earth than in the 
universe, whereas for neon this figure exceeds 10'^ A separation of 
these two gases has obviously taken place during the evolution of 
the atmosphere. Its cause cannot bo explained by chemical absorp¬ 
tion or solution processes, and selective dilEFusion from the earth’s 
atmosphere during geological time must be assumed. 

An investigation of the origin of carbon in graphite, carbon- 
bearing schists, carbonaceous accumulations in phyllite including the 
problematic fossil Corycinm enigmatienm^ and the bitumen known as 
shungite, all from the Finnish Pre-Cambrian, has been made by K. 
Rankama (“ New Evidence on the Origin of Pre-Cambrian Carbon,” 
Bull. Oeol. Soc. Amer.y 59, 1948, 389 416). In addition to the 
isotope ratio C‘VC^* the CuO, V 2 O 5 , and M 0 O 3 contents of the 
samples were determined. Geological evidence and trace-element 
determinations make probable the division of carbon into organic 
and inorganic groups. The C'*/C^* determinations are held to 
furnish definite proof of this, and also of the organic nature of 
Coryciuniy which thus becomes a real fossil of Late Archaean times, 
and the oldest yet recorded with certainty. 

In ” A Note on the original Isotopic Composition of Terrestrial 
Carbon,” K. Rankama {Joum. Oeol., 56, 1948, 199-209) discusses 
the primordial isotopic composition of terrestrial carbon with refer¬ 
ence to astrophysical and geological evidence on the possibility of 
the fractionation of isotopes. He suggests that the original isotopic 
composition of terrestrial carbon corresponds to that found in 
met^rites, where the C^*/C^* ratio ranges from 89-6 to 92 0. Earlier 
investigations have shown that inorganic processes on the earth tend 
to concentrate the heavier isotope C^*, whereas C^* is accumulated 
by organic processes. Rankama illustrates the cycle of C^* and 0^* 
between the atmosphere and the sea by means of an illuminating 
diagram. He also gives a short discussion of the isotopic composi¬ 
tion of O, Fe and Cu in meteorites, terrestrial rocks, and minerals, 
as compared with that of carbon. 

In ” A Note on Two Aspects of the Geochemistry of Carbon,” 
G. E, Hutchinson {Amer. Joum. Sci,, 247, 1949, 27-32) criticises 
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Bankama’s assumption that the ratio in meteorites oorre- 

spends to that of the earth as a whole, and suggests that the meteoritio 
ratio does not provide a reliable standard. As it is reasonably 
certain that the earth lost a considerable amount of carbon quite 
early in its history, the mean terrestrial ratio is probably a 

function of the mass of the earth, and identity with the meteorite 
ratio could only be expected if the meteorites were produced by the 
breaking-up of a planet of the same mass as the earth. Bankama’s 
figiues for the ratio in Corycium differ significantly from 

those for igneous carbon, but not from meteoritic carbon. Hence 
his view that Corycium is an Archaean fossil is only valid if some 
difference is assumed between meteoritic carbon and that of the 
accessible lithosphere. 

In a paper on “ The Geochemistry of Radiogenic Strontium,” 
L. H. Ahrens {Min. Mag., XXVIII, 1948, 277-96) discusses the 
abundance of radiogenic strontium in the earth’s crust as a whole, 
and the distribution of this element in various minerals and rooks, 
especially those of igneous origin. As rubidium is /^-radioactive and 
breaks down slowly into a stable isotope of strontium, small quanti¬ 
ties of strontium have been accumulating in various muierals since 
the first consolidation of the crust. The abundance of radiogenic 
strontium in the crust is estimated at 0'00025 per cent. Minerals 
relatively rich in rubidium will contain most of the strontium. As 
rubidium is mainly concentrated in potassium-rich minerals it 
is only in granitic rocks that the proportion of Sr is likely to be 
appreciable. 

In two papers, “ Geochemical Studies of some of the Barer 
Elements in South African Minerals and Bocks, No. 2, The Geo¬ 
chemical Bolationship between Thallium and Bubidium in Minerals 
of Igneous Origin ” (Trans. Oeol. Soc. S. Africa, 48, 1946, 207-31), 
and “ The Unique Association of Thallium and Bubidium in Min¬ 
erals ” (Jeum. Oeol., 56, 1948, 678-90), L. H. Ahrens has studied the 
remarkable geochemical relations between two rare elements in 
minerals. Thallium and rubidium are found only in potassium 
minerals and in the rare cassium mineral known as pollucite. The 
mean weight per cent, ratio of Bb,0/Tl,0 was determined as 100, 
and the great majority of ratios fell within the range 36 to 300, the 
extreme limits being 10 and 660. The ratio seems to be independent 
of the type of host-mineral but it may vary from area to area. The 
reason for this close association of thallium and rubidium is that the 
radii of their ions are identical, and in certain respects their chemical 
properties are similar. 

The abundance of thallium in the earth’s crust is estimated by 
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Ahrens as 0*0003 per cent, by weight. In a “ Note on the Geo¬ 
chemistry of Thallium,*^ K. Rankama (Joum, OeoLj 57, 1949, 
608-13) gives the value of 0*6 gr. per ton for the abundance of 
thallium in igneous rocks. Rankama discusses the geochemical 
coherence of the pair Rb—T1 in comparison with the pairs Ga—^Al, 
Cb—Ta, Zr--Hf, and pairs in the group of lanthanum and the 
lanthanides. He concludes that Zr—Hf probably form a more 
coherent pair than Rb—Tl. 

E. B. Sandell has discussed “ The Gallium Content of Igneous 
Rocks’’ (Amer. Jonrn, Set,, 247, 1949, 40'8). Analyses of com¬ 
posite samples give a Ga/Al weight ratio varying from 1*5 x 10"^ 
or even less in basic rocks to 3 x in high-silica granites. There 
is some indication that gallium may replace ferric iron in minerals. 
The abundance of gallium in the upper part of the lithosphere is 
estimated at 15 parts per million. Sandell gains the impression of 
great uniformity in the gallium content of the common igneous rocks 
irrespective of age or locality. 

In a paper on “ The Radium Content of Varved Clays and a 
Possible Age of the Hartford, Conn. Deposits ” W. D. Urry (Amer. 
Joum. Sci., 246, 1948, 689-700) shows that, while the radium 
content of the individual varves remains practically constant, the 
figures for the summer and winter portions of the varves vary 
rhythmically. These phenomena are tentatively explained by the 
theory that they are due to a disturbance of the nxdioactive equili¬ 
brium, in such a way that t.here is a greater concentration of uranium 
relative to ionium in the winter than the summer clay. It is stated 
that while this view is plausible it is far from proven. If it is valid 
it provides a means of dating the Hartford Clay, and a tentative 
figure of 18,000 years is derived for the varve 3700. This agrees 
fairly well with estimates based on independent data. 

W. D. Urry presents No. VI of his series of papers on “ Radio¬ 
activity of Ocean Sediments ” entitled “ Concentrations of Radio¬ 
elements in Marine Sediments of the Southern Hemisphere ” {Amer. 
Jmm. 8ci., 247, 1949, 257-75). In previous papers dealing with 
sediments in the northern Hemisphere it has been shown that the 
mode of variation of Ra concentration below the ocean floor affords 
a method of determining time in oceanic sediments. This valuable 
method is now applied to sediments in the southern oceans. The 
curves of Ra content as a function of depth below the ocean floor are 
similar in all qualitative respects to curves obtained for cores from 
the North Atlantic and Caribbean Sea (see Scibnoe Progress, July, 
1948, 508-10). 

A. F. Mohamed has determined organic carbon and nitrogen in 



318 


SCISNOE PBOaSESS 


38 sediments from the floor of the Bed Sea (“ The Distribution of 
Organic Matter in Sediments from the Northern Bed Sea,” Amer, 
Joum. Sci., 247, 1049, 116-27), and discusses the distribution of the 
elements concerned. The organic matter content is very small and 
the C : N ratio (6-2) is low. Both materials exhibit regional varia¬ 
tions which are ascribed to different environmental conditions of 
deposition. The mean C: N ratio is in close agreement with the 
proportion of these elements in mixed plankton. 

Agriculturalists have long been interested in the minor element 
content of vegetation and of the soils in which it grows. The direct 
relation between the metallic content of vegetation and soils forms 
the basis of a biogeochemical method of pros})ecting for metals in 
drift-covered and forested areas which was first developed in Finland 
(SoiBNOB Pboqbbss, July 1948, 511-12). In a paper on ” Biogeo- 
chemical Prospecting for Copper and Zinc,” H. V. Warren and C. H. 
Howatson (Bull. Oeol. Soc. Amer., 58, 1947, 803-20) have investi¬ 
gated zinc and copper areas in British Columbia along these lines, 
and find that the Zn and Cu contents of trees and lesser plants may 
reflect, to a striking extent, the presence of concentrations of these 
elements in the underlying soils or rock formations. 

The paper by H. V. Warren and B. E. Delavault, “ Further 
Studies in Biogeochemistry ” (Bull. Oeol, Soc. Amer., 60, 1949, 
531-60), first outlines a number of the anal}rtical methods employed 
in the investigation of the metallic contents of vegetation. It is 
then shown that twigs, rather than leaves, needles, or even fruit, are 
probably the most satisfactory parts of trees to furnish significant 
data. If this point is substantiated it will be possible to carry on 
biogeochemical prospecting in winter as well as in summer. The 
methods have been tested on samples from the Britannia and 
Sullivan Mines (B.C.). The results suggest that the Zn : Cu ratio is 
more important in biogeochemical prospecting than the absolute 
amounts of these metals in the samples. 

We may call attention to a useful compilation by H. E. Hawkes, 
“ Annotate Bibliography of Papers on Geochemical Prospecting for 
Ores ” {U.S. Oeol. Surv. CircvJar 28, 1948, 5 pp.). It lists most of 
the publications on this comparatively new line of geochemical 
research. 

A valuable summary of “ Geochemical Besearches in Japan,” 
with a good bibliography, has been made by K. Yamasaki (Joum. 
Oeol., 57, 1949, 414-18). Minerals and shales have been studied for 
rare elements. Many analyses of Japanese igneous rocks have 
been made, as well as an estimate of their average composition. 
Japanese chemists have specially concentrated on geochemical studies 
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of hot springs, lakes and seas, and their deposits. In connection 
with a search for helium, a study of natural gases ha^ been made by 
N. Yamada. 

PEDOLOGY. Hy O. V. JArKS, M.A., Comrnonwoulth Bureuu of Soil 

Srioiice, RothiimHt.-d ExpiM Station, Ilarpendoii. 

Soil Fobmation. —^Many dofinitions of soil have been attempted, 
but it is probably as imj.X)S8ible to dotine soil completely as it is to 
define a species or, nujre appositely, a plant association, of which a 
soil is the natural complement. Recent work on soil formation has 
stressed its biological nature, and less emphasis is placed than 
formerly on soil as a product of geological weathering. A. A. Rode 
Pochvovede7He^ 1946, 400-1) points out that soil is part of a wider 
complex—“ biogeoceiiose ”—embracing the soil, the lower layers of 
the atmosphere, surface and ground waters and living organisms, 
particular!}^ the vegetation. Soil formation is regarded as a cyclic 
process subject to rh 3 ^hmic fluctuation depending on the varying 
intensity of solar radiation. The most important are the daily 
and yearly cycles, but there are othern such as the eleven-year 
sunspot cycle. These cycles are never closed, owing to the con¬ 
tinuous operation of other non-cyclic and irreversible processes, of 
which the chief is the weathering of minerals. These cause per¬ 
manent changes in the soil, the result of which is known as soil 
evolution. To the five “orthodox’* soil-forming factors—climate, 
parent rock, topograpliy, living organisms and time—that are 
usually cited as determining the nature and direction of soil evolution 
Rode adds three more—gravitation, surface and underground water, 
and agriculture. 

Rode’s, like all recent Russian views, have been much influenced 
by the teachings of the late V. R. Williams of Moscow whose theories 
are briefly summarised by C. C. Nikiforoff {Soil Sci,, 1949, 67, 
219-30). Williams developed the concept of a continuous, universal 
soil-forming process, successive stages of which are represented by 
different soil types. The stages gradually replace one another in 
time as well as in space. Soil formation consists of a succession of 
evolutional cycles during each of which every stage reappears. But 
during each stage the soil acquires certain permanent characteristics 
which make it different from its condition at the same stage of a 
previous cycle. The cycles thus develop into a sort of evolutional 
spiral. 

Nikiforoff states that this theory of “ autogenic ” evolution is 
based on the assumptions (1) that soil evolution is affected con¬ 
tinuously by certain progressive processes (e.g. weathering), and 
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(2) that oonourrently with these processes certain specifically 
pedogenetic processes occur which are cyclic in the sense that each 
process develops to a peak in its efiect on the soil and then dwindles 
to vanishing-point. These assumptions ore, however, purely 
empirical. NikiforofF points out that weathering as a continuous, 
irreversible process would long since have led to a condition, over 
most of the earth’s surface, in which all active minerals would have 
been removed from the pedosphere had not weathering been accom¬ 
panied by continuous processes of defiation, erosion, etc. This 
continuous removal of senile weathering products and the renovation 
of the weathering crust from unweathered rook indicate that soil 
parent material is not a static product. “ The A horizon of every 
mature, non-cumulative soil develops from the material that 
previously passed through the stage of the B horizon, rather than 
directly from the C material.” In a cumulative soil (t.e. one formed 
by gradual sedimentation of parent material) the A horizon develops 
from fresh sediments settled on the surface, and the B horizon 
develops from sediments that have pa8se<l through the stage of the 
A horizon. 

B. B. Polynov {Pochvovedenie, 1048, 3-13) defines soil as the pro¬ 
duct of the interaction of living organisms with mineral rocks, and 
indicates the enormous influence soil formation has had on the 
chemistry of the earth’s surface. In the continuous cycle of 
elements through organisms and back to the soil some elements are 
held back more than others, so that the relative proportions of the 
elements in the soil gradually change as a result of the action of 
organisms as well as of the differential removal or accumulation by 
leaching of the elements of the original rock. Thus, whereas 
according to physico-chemical theory the relative migration of the 
elements K, Na, Ca and Mg in the earth’s crust should be in the 
above order, it is in fact, over large parts of the earth’s surface, in 
the order Ca, Na, Mg, K. The difference in these orders is caused 
partly by the nature of soil colloids and partly by biological forces 
which prevent the complete removal from the soil of these elements 
which are contained in the organisms inhabiting the soil. In 
particular, the relatively high mobility of calcium in soUs is a direct 
consequence of the biological nature of the soil-forming process. 

It is possible to explain many of the characteristics of soil types 
in terms of either geomorphology {e.g. catena relationships) or plant- 
soil relationships or, more generally, of both. It is shown that the 
relative mobility of Ca and Si in soils of the chernozem zone is 
connected with the high content of these elements in the natural 
vegetation. Again, the absence of podzolisation and the richness 
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of the soils in sesquioxides in the humid sub-tropioal red-earth zone 
are related to the ready absorption of iron and aluminium by sub¬ 
tropical plants and the almost unbroken growing period which keeps 
the sesquioxides in continuous circulation. 

Polynov tries also to generalise the concept of the catena, or 
topographically related association of soil types, pointing out that, 
although the surface forms of the earth, resulting from the action 
of the soil-forming factor water, are many and varied, they can all 
be classed as one or other of three basic types of surface that leave 
their impress on the soils formed on them. One type occurs on 
watershed areas which have deep water-tables and receive surface 
waters only from atmospheric precipitations, part of which evapor¬ 
ates, part seeps downwards through the soil and part runs off the 
surface towards a lower-lying position. This results in a soil whose 
evolution is characterised by progressive leaching and some erosion, 
and to which the term eluvial, or preferably transluvial, is applied. 
Leaching, however, is never complete owing to the continuous 
return to the surface soil of substances absorbed by vegetation. 

Another type of surface occurs near the bottom of a valley where 
the soil surface is close to the permanent water-table. Here a 
considerable part, and under conditions of low rainfall the greater 
part, of the soil moisture is derived from the ground water which 
will contain, among other solutes, some of the material leached 
from the higher-lying transluvial soil that under arid or semi-arid 
conditions will be precipitated by evaporation near the soil surface. 
Soils formed in these positions are termed auperaqual. They tend 
(apart from the organic cycle) to gain or lose soluble elements 
according to whether their moisture is derived predominantly from 
the ground water or from the atmosphere. They obtain further 
material by erosion of transluvial soils. 

The third type of surface occurs where the water table is above 
the soil surface, and is termed aubaquaL Soils related to such sur¬ 
faces are alluvial, or are formed on lake or river beds. They receive 
considerable amounts of solid as well as dissolved material derived 
from the transluvial and superaqual parts of the landscape. 

The pattern of soil associations in arid regions offers a good 
illustration of this topographical interrelationship of soil types. 
The eluvial (transluvial) members of the association are characterised 
by a scanty, xerophytic vegetation, resulting in a weak influence of 
organic life on soil evolution. Its strongest influence is expressed 
in the cycle of calcium which circulates through the vegetation and 
surface soil, but does not migrate to any depth. The soils (serozems) 
are calcareous, but not or only weakly saline. Chloride and sulphate 
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ions, on the other hand, are leached out, saturating the ground 
water, and accumulate in the superaqual soils which are saline 
(solonchaks), carr}ning a haloph 3 ^io vegetation. Subaqual soils occur 
in closed basins and depressions. 

Analogous associations of soil types occur in the semi-arid steppe 
(chernozem) zone and in the humid forest (podzol) zone. In the 
chernozem zone the soils are characterised by the complete dis¬ 
appearance of sulphates and chlorides from the soil profile and by 
the high mobility of calcium in the profile, determined by the high 
biological activity of the plant cover. In the podzol zone, calcium 
has largely disappeared from the soil profile, and soil formation is 
characterised by the mobility of the sesquioxides, which are immobile 
in both chernozem and serozem zones. 

The development of the major soil t 3 rpe 8 is thus seen to be 
related not only to climate and topography, but also to time. In 
the series serozem—chernozem—podzol eacli represents a distinct 
stage in the general process of landscape development. The first 
is characterised by mobility of sulphates and chlorides whose “ index 
of mobility ” in nature is 10 times that of Ca, Na, Mg and K, whoso 
index is, in turn, 100 times that of Fe, A1 and Ti. Polynov had 
earlier (1934) developed the idea of a universal weathering process, 
consecutive stages of which were characterised by the progressive 
removal of increasingly insoluble groups of substances from the 
crust of weathering; he has now extended his idea to include 
the action of living matter on weathering rock and to explain the 
evolution of soil types genetically related m time. 

V. A. Kovda (Pochvovdenie, 1944, No??. 4~5, 144-58), in a study 
of the effect of living matter on the movement and accumulation of 
salts in soils, shows that large quantities of salts are brought into 
the biological cycle of soil formation by the growth and decay of 
plants. In steppe vegetation calcium, potassium and phospboi-us 
predominate and contribute considerably to the potential fertility 
of the soils. In arid regions chlorides and sulphates of sodium and 
calcium are mainly involved. In areas of saline soils with high 
water-table, however, the accession of salts through the activity of 
vegetation is insignificant compared with the amounts derived from 
ground waters. If the water-table falls the vegetation changes to a 
type in which calcium and potassium sulphates and phosphates 
predominate, thereby assisting the process of desalinisation. The 
quantity of salts involved in the annual biological cycle in steppe 
areae is of the order of 150-600 kg. per hectare, 

C. G, Stephens {Trans, Bay. Sac, S. Australia, 1947, 71, 16t^81), 
following H. Jenny {Soil Sci,, 1946, 61, 376-91), develops a mathe- 
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matioal expression of soil formation in which soil is represented as a 
set of differentials in which the variables are the soil-forming fac¬ 
tors climate, organisms, topography, height of water-table, parent 
material and time. These variables may have both dependent and 
independent status. Eacli soil is a synthesis of functions of all the 
variables, and it is possible, by means of quite simple diagrams, to^ 
show the genetic interrelationships of all soil types occurring over 
an area embracing, for example, GOO square miles. Stephens points 
out that, although lapse of time since the beginning of soil formation 
is a measure of the actual age of the soil, it is not a measure of soil 
maturity, which is a characteristic of the soil itself and should be 
regarded as a dependent variable entering into the integral which 
expresses the soil ensemble. 

Weathering of Clay Minerals.—M. L. Jackson, S. A. Tyler 
et al, (J. Phys, CoU, Cfhem,, 1948, 52, 1237-60) present a stability 
series ** or weathering sequence for clay-size minerals in soils. The 
sequence is : gypsum ; calcite ; olivine ; hornblende ; biotite, 
glauconite, etc. ; albite, etc.; quartz ; illito, muscovite, etc.; 
hydrous mica intermediates ; montmorillonito ; kaolinite, halloysite ; 
gibbsite, boohmite; hajmatite, goethite; anatase, rutile, etc. It 
is shown that there is a close correlation between crystal structure 
and stability, the order with silicates being : independent Si 04 
groups < chains and bands < frameworks (feldspars) < linked 
tetrahedra (quartz) < sheets. The association of alumina sheets 
with silica sheets confers greater stability, as in the common clay 
minerals. In the early stages one or two minerals are usually 
dominant in the clay, the others decreasing in amount with remote¬ 
ness in the sequence. One or more stages may be absent, especially 
those occurring after quartz. 

The rate of weathering is postulated as a product of an intensity 
factor (temperature, water, oxidation, etc.) by a capacity factor 
(specific surface, nature of mineral). The sequence proceeds under 
increasing acidity and oxidation, but arrest may occur under con¬ 
ditions of deficient leaching and reversal takes place in sediments. 

The mineral composition of soil clays follows the weathering 
sequence geographically and in accord with the variation in intensity 
factors as controlled by climate and time. The rate of weathering 
increases with decreasing particle size, but beyond the illite stage 
specifio surface is less important than the lattice factor. A discus¬ 
sion of podzolisation and lateritisation indicates that the first occurs 
under r^ucing surface conditions, the second under good oxidation. 
There should a complete gradation from podzolisation to lateritisa¬ 
tion and intermediate stages such as podzolic-laterite can occur. 
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The gradation is illustrated by the decrease in the quartz content 
of a series of soils and soil clays. Rod and yellow podzolic soils are 
considered to have developed on previously formed “ lateritio ” soils. 

It is suggested that sods in general have not reached a steady 
state, but are slowly advancing through further stages in the 
weathering sequence. 

BOTANY. By Professor W. H. Pbarsaix, D.So., F.R.S., University 

College, London. 

Cytology. —The structure of chloroplasts has been studied mainly 
in living material because most of the established methods of 
fixation seriously distort the characteristic features. Recently, 
however, a re-examination of the structure of the plastid has been 
carried out by J. G. Bald (Aust. J. Set. Rea. B,, 1, 462, 1948) in con¬ 
nection with an attempt to identify the cytological effects associated 
with virus infections. The material used was mainly epidermal 
strips with adjacent cells from tobacco leaves, and two fixatives 
have been employed. The first is a mixture of alcoholic chromic 
acid and iodine in aqueous potassium iodide solution (Lugol’s 
iodine). This is used to demonstrate the stromatic structure of the- 
plastid. The second fixative demonstrates the structure of certain 
cuboidal bodies present in the cells. This is alcoholic acetic acid 
containing equal amounts of cerium nitrate and carrainic acid. 

With these stains the plastids are found to contain an outer, 
somewhat reticulate stromatic surface which surrounds starch grains 
apparently embedded in a clear cytoplasm. The outer stroma in 
tobacco always has a circular gap, at the edge of which, or near to 
it, is a single small refractile deeply-staining granule in the outer 
stromatic layer. There is some evidence of a membrane (semi- 
permeable) around the plastid. 

Associated with the chloroplasts and usually close to them are 
cuboidal or spherical bodies larger than the maximum size (O-S/a) 
usually associated with mitochondria. These bodies stained in a 
manner that suggested two components, the strongly staining body 
being associated with a vesicle-like attachment. Some evidence was 
obtained that these bodies tend to be combined with or included in 
the plastids during darkness. They were normally separated from 
them after exposure to strong light. 

Another series of papers by this author {Phytopathology, 39, 396, 
1949, and Amer. J. Bot., 36, 335, 1949) deal with the development 
of various methods of fixation, including those mentioned above, 
and suitable for staining the special features of virus-infected colls. 
The fixatives are of three main types, the first containing iodine and 
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alcohol, the second containing iodine and chromic acid but no 
alcohol, and the third built up around concentrated acetic acid as 
the medium preparing the virus for staining. After fixing with 
such solutions, the fixed material is then stained with Giemsa stain 
imder such conditions that the virus inclusion will take up these 
dyes more strongly than any other cell inclusions, except possibly 
the nucleolus. These methods arc selective for the virus types 
tested when the cells are mature or well beyond the meristematic 
stage. They have been used upon a number of virus-infected tissues 
of different types and the appearance of stained cell inclusions 
follows the distribution and the types to be expected if the material 
stained is virus. Thus, for example, the stained inclusions are 
confined to cells around the phloem in the case of virus X in potato 
plants. The tobacco mosaic, studied in greatest detail, induces first 
the appearance of granules in cloudy stained areas in infected cells, 
but later the granules aggregate into cell inclusions of a tabular or 
spherical nature. There are also amoeboid-like inclusions, in which 
the stained material is of a reticulate nature. No such appearances 
are found in normal cells. 

In order to explain the nature and origin of those inclusions, 
Bald has found it necessary to deal first with the normal cytology 
of leaf plastids, as already mentioned at the beginning of this article. 
A further paper deals with the nature and development of the 
amoeboid or reticulate inclusion bodies developed after virus infection 
becomes effective J, Set, Res, B., 1, 468, 1948). Structurally 

these closely resemble abnormal plastids, but are larger and usually 
of distorted and amoeboid shape, with more than one gap in the 
outer stroma, and often with abnormally large angular or cubical 
inclusions of strongly staining material. The author points out that 
this latter feature is infrequent in normal plastids and he suggests 
that their connection has some association with the multiplication 
of the virus. The paper closes with a critical discussion of the 
virus-cell relations and virus multiplication. 

Cycles of Growth. In a series of papers from East Mailing 
by L. B. Singh (J. Hort, Sci., 24, 46, 123 and 169, 1948) a further 
attempt is made to analyse the factors controlling biennial bearing 
in fruit trees, that is, the marked tendency shown by some varieties 
of tree to produce large crops of fruit in alternate years, so that 
“ on and “ off ” years succeed one another regularly. The first 
of these papers is a useful review of the literature, as a result of 
which the author concludes that no single factor is responsible for 
the phenomenon, but rather a complex of factors. 

The second paper is especially interesting. It breaks new 
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ground in attempting to correlate all the growth phenomena on the 
trees studied with their fruit production. 

Ihe data were obtained from apple-trees—^particularly the 
variety Miller’s Seedling which is markedly “ biennial" at East 
Mailing. Some records for Lane’s Prince Albert, Blenheim Orange 
(“ biennial ”) and Ellison’s Orange and Eiibston Pippin (“ regular ”) 
are also given. 

The analysis of the data shows that, in years with heavy crops, 
there is a parallel reduction in trunk thickening and presumably 
therefore in canibial activity. A similar negative correlation 
between crop size and amount of root growth was established. On 
the other hand, there was normally no significant difference in the 
amount of shoot growth during “ on ” and “ off ” years, although 
the extension shoots of bearing (or “ on ” year) trees start growing 
sooner and grow faster than those which are not bearing. It is 
suggested that this may affect the differentiation of fruit buds which 
occurs at this time. This is regarded as highly significant, because 
in Miller’s Seedling the biennial habit proves to be associated with 
abundance or scarcity of blossom production. 

A further point is that, during the critical period of flower-bud 
formation, records show that the leaf-area per spur is nearly twice 
as much in “ off ” year spurs as it is during heavy cropping years. 
It appears, therefore, that flower bud initiation is associated with a 
much larger leaf area. In contrast, the leaves are darker green at 
the end of August during the “ on ” year. 

The third paper in this series deals with possible methods of 
controlling the crop production in biemiial tearing trees. Two 
main methods were tried during the “ on ” year, namely partial 
defoliation or blossom-removal. Defoliation was done either by 
hand or by spraying with chemical 8 pra 3 rB (sodium chlorate, copper 
sulphate, lime sulphur or tar oil). This was not altogether satis¬ 
factory on account of the difficulty of deciding and ensuring the 
required proportion of defoliation. 

Blossom-removal was done either by destroying flower buds 
by bud-rubbing or else by removing the open flowers by hand. 
The former was more effective and, by reducing the blossoms to 
about 20 per cent, of those laid down, the crop was reduced pro¬ 
portionately. A nearly normal crop, however, was obtained in the 
following year and the figures suggest that a less severe pruning 
might well spread out the total yield evenly between the two years. 
The principal difficulty of these treatments is that they are carried 
out by hand. A spraying method, for example, would be more 
rapid and probably cheaper. 
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Antibiotics. —The literature on substances showing antibiotic 
properties continues to grow so rapidly that little or no attempt 
can be made to review it comprehensively. An interesting group 
of papers covering one largo field has been prepared by H. A. Spoehr 
and four collaborators, dealing with fatty acid antibacteriab from 
plants {Carnegie InaL Wash.y Publ. 586, 1949). This describes 
investigations following the observation by R. Pratt {Amer. J. BoL^ 
27f 62 and 431, 1940) that the alga ChloreUa produced something 
in the culture medium which reduced the growth rate of the alga. 
Subsequently this material was named chlorellin and shown to be 
antibacterial. The material was present in very low concentrations 
and large-scale culture methods (which are described) were necessary 
in onlcr to produce sufficient quantities for examination. After 
much investigation it was found that it could be recovered from 
the solution by aelsorption on a column of ‘‘ florisol.'’ Evidence 
was also aocumulated that its production was favoured by conditions 
leading to oxidation in the light. Finally, as relatively large amounts 
of cell material were formed, efforts were made to extract from this 
source materials showing antibacterial properties. Although the 
fresh extracts were not active in this respect, they became so on 
exposure to air and light, and a similar result was obtained when the 
dried algal cells were finely ground and exposed to air and light. By 
methods of this type it was shown that the production of the active 
material was associated with the photo-oxidation of the un¬ 
saturated fatty acids which are produced by ChlmeUa cells. Such 
photo-oxidations may yield a variety of products of which more 
than one may bo antibacterial. Here, however, attention was 
focused mainly on one aspect of the problem, for it was found that 
the long-chain unsaturated acids naturally present in the cell lipids 
tended to split into chains of medium length containing 10 to 12 
carbon atoms. It was these that were found to have definite 
antibacterial properties. 

The formation of antibacterial substances through photo-oxida¬ 
tion is by no means confined to the Upid extracts of Chhrella. The 
same effect was found to occur in the lipid extracts of a variety of 
green plants. Moreover, the unsaturated fatty acids of various 
commercial fats and oils, such as coconut, maize, olive and raisin 
seed, also develop antibacterial properties on photoxidation. This 
is no doubt also the source of the antibacterial substances obtained 
by E. Uroma and O. E. Virtanen {Ann, Med, exp, el Biol. Fennise, 
26, 36, 1947) from yeast extracts as these included a mixture of 
unsaturated fatty acids. 

Examination of the antibacterial properties of a series of acids 
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showed that oaprio (Cio) and lauric (Ck) acids were specially impor¬ 
tant. It will be noted that this matter is complex, as it hinges upon 
solubility (which diminishes in the higher homologues), hydrogen- 
ion concentration, ionisation and many other factors. 

An adequate source of these acids was found in the seed fats 
of the Californian laurel ( Umbellaria califomica). The nuts of this 
plant readily yield a fat containing about 35 per cent, caprio acid 
and 60 per cent, lauric acid. The antibacterial tests throughout 
were in vitro tests carried out in bacterial cultures. The effect of 
most of the substances on the ^rmination of mustard seeds was 
roughly parallel to their inhibition of the growth of Staphylococcus 
aureus, the usual teat material. When an attempt was made to 
tost the laurel-nut preparations on diseased animals, the results 
were disappointing, as no significant results were obtained on animals 
infected with Myobacterium tvJbercvloaia or Salmonella enteritidia. 

The complexity of this problem will readily be realised when it is 
recalled that probably most cells contain long-chain unsaturated 
fatty acids in some form or other, especially t}rpes like oleic, linoleic 
and linolenic acids. These commonly have a double action, being 
growth stimulators at one concentration and inhibitors at another. 
This problem has received attention by M. B. Pollock in the recently 
published Symposium No. Ill, Sdective Toxicity and Antibiotica 
(1949) published by the Society for Experimental Biology. This 
volume includes 22 papers which contain a wealth of information 
upon recent developments in this field. Perhaps of most general 
interest are a paper by H. N. Bydon on the design of bacterial 
inhibitors as modelled on essential metabolites, and another on 
chemotherapy firom the point of view of the organic chemist by 
W. A. Sexton. C. N. Hinshelwood discusses the adaptation of 
bacteria to resist drug action and there are papers also by G. E. 
Blackman and his collaborators on the effects of phytocidal sub¬ 
stances on a variety of higher plants. 

PLANT PHYSIOLOGY. By Frovbbsor Wautkb Stilbs. So.D., F.R.S., 

The University, Birmingham. 

Bkspiration. —In the study of rMpiration it is often very desirable 
to determine both the oxygen absorbed and the carbon dioxide 
evolved by the tissue under examination. An apparatus enabling 
this to be done has been described by G. F. Asprey (“ An Apparatus 
for following the Ooiuse of Gaseous Exchange by Living Tissue,” 
Proc. Boy. Soe, Edinburgh, Ser. B, 63 , 163-78, 1948). Two well- 
known principles are combined in the apparatus. To determine 
the carbon dioxide evolved this b absorbed in a solution of barium 
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hydroxide, the change in electrical conductivity of which gives a 
measure of carbon dioxide absorbed, while the change in pressure 
registered by "a manometer attached to the respiration chamber 
enables a simultaneous determination of the oxygen consumed. 
With the use of 20 ml. of 0-02J\r barium hydroxide and a respiration 
chamber with a capacity of 250 ml., quantities as small as 6*8 yug. 
of oxygen and 8*2 /ig. of carbon dioxide could be measured. 
Increased sensitivity could be obtained by using smaller respiration 
vessels and smaller quantities of, and more dilute, barium hydroxide 
solution. 

A new pattern miororespirometer of the differential manometer 
type has been described by H. Stem and P. L. Kirk (“ A versatile 
Miororespirometer for Routine Use,” J, Oen, Physiol,, 31, 239-42, 
1948). The two chambers of the instrument were drilled in a 
duralumin block and lined with a coat of lacquer. The block was 
covered by a removable plate of brass through which the ends of 
the capillary manometer tube passed, the tube being sealed to the 
plate with Khotinsky cement. The plate could then be clamped 
firmly to the block with the ends of the manometer tube in each 
chamber, the seal of each chamber being made with a rubber gasket. 
A hole was drilled through the side of the block into each chamber 
and was provided with a needle valve so as to allow adjustment of 
the kerosene used in the capillary. With this instrument good 
results could be obtained with as little as 3 to 4 mg. of plant tissue. 

J. E. Mitchell, B. H. Burris and A. J. Biker have examined the 
effect of a number of growth-regulating and allied substances on 
respiration (” Inhibition of Respiration in Plant Tissues by Callus 
Stimulating Substances and Related Chemicals,” Amer. J. Bot., 
36, 368-78, 1949). A number of tissues including carrot petiole, 
bean and maize stems and roots, tomato stems and roots, and 
tomato crown gall were tested with indole-3-aoetic acid and 
2,4-dichlorophenoxyacetic acid in a concentration of 0*002if. In 
every instance the growth-regulating substance brought about a 
reduction in respiration rate. Slices of tomato stem were tested 
with a wider range of substances but with a similar result in pvery 
instance. The substances most effective in bringing about a fall in 
respiratory activity were those with an aromatic ring and free 
carboxyl group. Substances similar in constitution to growth 
regulators but without their effect on growth, such as benzoic, 
salicylic and nicotinio acids had a similar effect on respiration. 
The effect of indole-3-acetio acid was greatest at pH 6 and was 
reduced with increasing pH up to pH 6 or higher. The respiratory 
quotient was not affected by indole-3-acetic acid. 
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The effect of lowered oxygen tension on the inhibitory effect 
of indole-3-aoetic acid was also examined. In control experiments 
without this substance it was found that lowering the oxygen 
concentration from 20 per cent, to 5 per cent, resulted in a lowering 
of the respiration rate. The inhibitory effect of indole-3-acetio 
acid was found to be much reduced in lower oxygen tensions, and 
its activity appeared to be proportional to the oxygen pressure. 
The authors suggested that this indicated that the S 3 rstem inhibited 
by growth regulators was also limited by low oxygen tension. In 
view of the part supposed to be played by various oxidising enzyme 
systems in respiration, It is interesting to find that cytochrome 
oxidase, ascorbic acid oxidase, catechol oxidase and glycollic oxidase, 
all appeared to be unaffected by indolo-3-aoetic acid, naphthalene- 
acetic acid and 2,4-dichlorophenoxyacetic acid. 

As regards the effect of concentration of the growth-regulator, 
Mitchell, Burris and Riker found that with slices of tomato stem 
the reduction of respiration increased with increase in concentration. 
With bean roots the published graphs indicate that with 2,4-diohloro- 
phenoxyacetic acid in a concentration as low as the respira¬ 

tion rate was about 10 per cent, higher than that of the imtreated 
control. From this high rate there was a continuous falling off until 
in a concentration of 10“ *if the respiration rate was only about 
34 per cent, of that of the control. 

The effect of 2,4-dichlorophenoxyacetio acid on the respiration 
of seedlings of wheat and mustard had previously been examined 
by D. L. Taylor (“ Effects of 2,4-Dichlorophenoxyaoetic Acid on 
Oas Exchange of Wheat and Mustard Seedlings,” Bot. Qaz., 109 , 
162-76, 1047). In concentrations of the growth regulator ranging 
from 0-26 to 10 parts per million it was found there was a progressive 
decrease in both oxygen uptake and carbon dioxide evolution with 
increasing concentration. Somewhat different results were obtained 
with tissues of the oat coleoptilo and garden pea stem, examined by 
Sally Kelly and G. S. Avery, Jr. (“ The Effect of 2,4-Dichlorophen- 
oxyacetic Acid and other Physiologically Active Substances on 
Respiration,” Am»r, J. Bot., 36 , 421-6, 1049). These authors 
found that in concentrations from 0-3 to 200 mg. per litre (or parts 
per million), 2,4-diohlorophenoxyaoetio acid brought about an 
increase in respiration rate of oat coleoptiles above that of the 
control with increase in concentration, but that at higher con¬ 
centrations, for example, with a concentration of 1000 mg. per litre, 
the respiration rate was definitely reduced. With pea stems it was 
found that the stimulatory effect was produced by concentrations 
between O-OOOl and 10 mg. per litre, the concentration required to 
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produce an 18 to 20 per cent, increase in respiration rate over the 
control being only al^ut one-thousandth of that required for oat 
coleoptiles. Uinitrocresol and dinitrophenol were found to have a 
greater effect than 2,4-dichlorophenoxyaoetic acid in increasing the 
respiration of oat coleoptiles, and inhibition was brought about in 
lower concentration. ■ 

Not a great deal is known of the effect of oxygen concentra¬ 
tion on the intensity of respiration. This question has now been 
examined with lemons by J. B. Biale and R. E. Young Critical 
Oxygen Concentrations for the Respiration of Lemons,’' Amer. J. 
Bot,, 34, 301-9, 1947). A wide range of oxygen concentrations 
between 0 02 and 99-2 per cent, were used in their experiments. 
They found the course of respiration, as determined by carbon 
dioxide evolution, was very markedly affected by the oxygen con¬ 
centration of the environment. In air over a long period, up to 
throe months or a little longer, the respiration rate gradually fell. 
With oxygen concentrations higher than that of air, the respiration 
rate rose to a maximum and then fell, the rates being consistently 
higher than those of lemons in air. With oxygen concentrations 
lower than that of air the respiratory activity declined with falling 
oxygon concentration until it reached a minimum at a critical 
oxygen concentration which varied with different fruit samples, but 
which generally lay within the limits of 0*5 and 5-0 per cent. With 
further lowering of the oxygen concentration below this critical 
value the respiratory activity increased. The lowest respiratory 
quotient (0 (56) was found with 6-3 and 11 per cent, oxygen ; with 
lower oxygen concentrations the quotient rose sharply, and with 
higher oxygen concentrations more gradually, but it was generally 
considerably below unity, although a value of 1*08 was found with 0*54 
per cent, oxygen immediately after transfer from air. The longest 
storage life of lemons was found to occur in 5 |)er cent, oxygen. 

An interesting paper on the products of ana^^robic respiration has 
been published by Jean W. Phillips Studies on Fermentation in 
Rico and Barley,” Amer, J, Bot.^ 34, 62-72, 1947). Although it is 
very generally supposed that the products of anaerobic respiration 
are equimolecular quantities of alcohol and carbon dioxide, yet the 
ratio alcohol/carbon dioxide is generally less than unity and no 
explanation is forthcoming of the origin of the extra carbon dioxide. 
Miss Phillips measured the amounts of carbon dioxide, alcohol and 
acetaldehyde produced by barley seedlings after various periods in 
nitrogen and found that after about the first 9 hours the rate of 
alcohol and aldehyde production together was not much different 
from the rate of carbon dioxide production, although 4he latter was 
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usually a little higher. During the first few hours of anaerobiosis, 
however, the rate of production of aloohol + acetaldehyde was very 
much lower than that of carbon dioxide; thus during the first 
3-6 hours the ratio of alcohol + aldehyde to carbon dioxide pro¬ 
duction was only 0'33. It may be noted that the aldehyde produced 
always amounted to about 1 per cent, of the amount of alcohol 
formed. 

Some of the carbon dioxide formed during the first few hours of 
anaerobiosis might be accounted for as a loss of bound carbon 
dioxide from the cells, which would be released if an acid were 
produced in anaerobic respiration. Miss Phillips found that some 
lactic acid was indeed produced during the firat six hours in nitrogen, 
as well as some unidentified volatile and nun-volatile acids, but the 
amount of carbon dioxide which these might release from combina¬ 
tion in the tissues was calculated to be less than the total amount 
unrelated to alcohol and aldehyde. 

No difference was found in the ratio of alcohol to carbon dioxide 
produced in germinated grain, roots or shoots. 

A marked fermentation was observed in detached barley loaves 
in air, respiratory quotients higher than unity being obtained. 
There was, however, very little anaerobic production of alcohol in 
older leaves; in one experiment, for example, the same amount of 
alcohol was produced in presence of air as in its absence. Miss 
Phillips considered the aerobic fermentation was probably duo to 
disturbed water relations in detached loaves, since alcohol was not 
formed by leaves left with their cut ends in water or nutrient 
solutions, nor by intact plants. 

H. Stem and P. L. Kirk, whose new pattern miororespirometer 
has been mentioned earlier, have recorded some results obtained by 
the use of their instrument with the anthers of Trittium erectum 
(“ The Oxygen Consumption of the Microspores of Trillium in 
Kelation to the Mitotic Cycle,” J. Oen. Physiol., 31, 243-8, 1948). 
Single anthers were used in the respiration chambers. The course of 
respiration was followed during the development of the microspores, 
the stage of nuclear diAosion being examined by means of aceto- 
oarmine smears. It was found that after the production of the one- 
oelled microspores the oxygen consumption tended to rise. Im¬ 
mediately before the following mitotic division the oxygen consump¬ 
tion fell rapidly and remained at a low value during the active 
division of the nucleus. It would thus appear that oxygen consump¬ 
tion should not be regarded as a measure of respiratory activity, 
sizioe it is unlikely that the energy requirements of cells would fall 
during cell dirision. 
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Miss F. M. V. Hackney has continued her researches on the 
respiration of apples. In a paper dealing with the respiration of 
thin slices of apple tissue {*' Studies in the Metabolism of Apples. 
VI. Preliminary Investigations on the Respiration of Sliced Apple 
Tissue,” Proc. Linnean Soc. N,S.W., 70, 333-45, 1947) she has 
recorded a number of interesting observations. It was found that 
slices of apple tissue, unlike those of storage organs such as potato, 
carrot and beetroot, rapidly lost both water and dissolved sub¬ 
stances when surrounded by distilled water. These losses appeared 
to be due to rapid absorption of water bringing about disorganisation 
of cells, a view supported by the fact that in solutions isotonic with 
the cell sap the losses were very small or negligible. However, the 
respiration rate of discs of tissue washed overnight in 0-25j*Vf calcium 
chloride solution was no greater than that of discs similarly washed 
in distilled water. 

The respiration of thin discs of apple flesh which had been washed 
in distilled water and then placed in the respiration chamber of a 
Warburg manometer fell rapidly, reaching a low steady level after 
two or three hours. This level was lower the longer the period of 
preliminary washing up to a period of 20 minutes, but did not fall 
appreciably with longer periods of washing. Thus with no pre¬ 
liminary washing the respiration rate was 16*5 cu. mm. per g. initial 
weight per hour, and with a washing period of 20 minutes or longer 
about 5-0 cu. mm. per g. initial weight per hour. This decrease in 
respiration rate with prolonged washing would appear to be due to 
the loss of material from the tissue already mentioned. Moreover, 
no significant difference was observed in the respiration rate of tissue 
washed for different lengths of time in calcium chloride solution 
isotonic with the cell sap. There was, however, a slight initial 
fall in respiration rate when the tissue discs were immersed in 
calcium chloride solution, so that the drift of respiration would 
appear to have been determined by some factor in addition to the 
disorganisation of some of the cells. 

In contrast to results obtained with tissues of roots and tubers 
Miss Hackney found no indication of a reduction in respiration rate 
per unit weight of tissue with increase of disc thickness up to 2 mm. 

Unlike the flesh, the skin of the apple increased in weight as a 
result of washing in water, owing to absorption of the latter. 

Miss Hackney compared the respiratory activity of the skin of 
the apple and of thin slices taken from different regions of the apple, 
namely, from the surface to a depth of 3 mm., from 4 to 8 mm. 
below the skin, from 8 to 14 mm. below the skin, and from a deeper 
depth than 14 mm. While the skin respired at a markedly higher 
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rate than the flesh, no significant difference between the respiration 
rates of the flesh from the different regions could be observed. 
Based on fresh weight, the skin was found to respire at about 
fourteen times that of the flesh, while based on dry weight the 
respiratory activity of the skin was about five times that of the 
flesh. This difference in the respiratory activity of skin and flesli 
was regarded by Miss Hackney as probably related to the greater 
number of cells per unit weight in the skin. 

In two later papers Miss Hackney has dealt with oxidising 
systems in apples in relation to respiration. The first of these 
contributions concerned catechol or polyphenol oxidase (“ Studies 
in the Metabolism of Apples. VIT. A Study of the Polyphenolaso 
System in Apples,’’ Proc, Linnean Hoc. N.S, W., 73, 439- 54,1949). It 
was found that when various substrates of catechol oxidase such as 
protocatechuic acid, catechol andp-cresol were added to the medium 
surrounding thin slices of apple tissue there was an increase in the 
rate of oxygen uptake and sometimes of the rate of carbon dioxide 
evolution. In experiments in which tissue from immature apples 
was used more oxygen was consumed than could be accounted for 
by the quantity of protocatechuic acid added. This was held to 
suggest that this substance could act as a respiratory catalyst. 
Resorcinol and potassium cyanide, both of which were known 
inhibitors of catechol oxidase from potato, were found to inhibit 
the respiration of apple tissue when they wore supplied in suitable 
concentrations. They were also found to inhibit the action of a 
catechol oxidase preparation obtained from apple tissue. Analysis 
of experimental data showed that resorcinol acted as a competitive 
inhibitor, the affinity of the enzyme for resorcinol being very much 
greater than its affinity for catechol. These various findings all 
indicated that catechol oxidase was concerned in the mechanism of 
respiration in apple tissues. 

The second of the contributions on enzyme systems in the 
respiration of apples dealt with ascorbic acid oxidase. (“ Studies 
in the Metabolism of Apples. VIII. Ascorbic Acid Oxidase in 
Apples,” Proc. Linnean Soc, N.8.W,, 73, 455-65, 1949). Results 
obtained in this work wore very similar to those obtained in respect 
to catechol oxidase. Thus both the oxygen consumed and carbon 
dioxide given out by slices of apple flesh were increased by the 
addition of ascorbic acid in low concentrations, the oxygen absorbed 
being considerably more than could be accounted for by the quantity 
of acid added, a finding which suggested that ascorbic acid acted as 
a respiratory catalyst. 

When ascorbic acid and protocatechuic acid were added together 
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to slices of apple flesh it was found that their effects were additive 
as regards the extra oxygen consumed, thus suggesting that the 
oxidisation of the two substances was effected by different mechan¬ 
isms. The general conclusion was drawn that, while part of the 
respiratory processes of the apple involves catechol oxidase, part is 
carried on through the action of ascorbic acid oxidase. 

ENTOMOLOGY. By A. D. Lbks, M.A., Ph.D., Agricultural Research 

Council Unit of Insect Physiology, Cambridge. 

Plastron Rbspieation. —^Many aquatic insects possessing an open 
tracheal system carry air-stores, either in the form of bubbles 
entangled in the pubescence or as gas contained in special sub-elytral 
chambers. That the air-store could subserve a second, and more 
important, function, that of a “ physical gill ” for extracting oxygon 
from solution in water, was first recognised by Ege who demon¬ 
strated that, by this means alone, small, inactive species were 
rendered practically independent of visits to the surface. 

The accepted interpretation of the “ gill ** mechanism (which is 
summarised in the papers cited below) is as follows. The bubble of 
air at first contains both oxygen and nitrogen. As oxygen is respired 
by the insect, the tension of oxygen in the bubble falls and that of 
nitrogen rises; and this process in turn results in the diffusion of 
oxygen into the bubble from the surrounding water while nitrogen 
diffuses out. The efficiency of the “ gill ** is fuHher enhanced by the 
fact that the “ invasion coefficient of oxygen l)etweon water and 
air is greater than that of nitrogen. Although the original concept of 
the “ invasion coefficient as a physical entity has proved to be 
spurious, it has been retained as a useful expression describing the 
passage of gas across the thin stationary layei* of water at the surface 
of the bubble. For, since oxygen is rather more than twice as 
soluble in water as nitrogen, the permeability of the surface layer 
to oxygen will be proportionately greater. 

For the insect the primary disadvantage of this fortuitous mech¬ 
anism is that the “ gill ” only functions as long as the bubble contains 
some nitrogen. The volume of the air-store is, of course, constantly 
diminishing, and, when all the nitrogen has been lost and the remain- 
hig oxygen used up, the insect must return to the surface to renew 
the air supply. 

A few insects have evolved a structure—which Brocher named 
the plastron—capable of retaining permanently an extremely thin 
air film of constant volume. Since the film can be maintained 
against considerable pressure differences, these insects have become 
completely independent of atmospheric air. Prior to the recent 
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work of W. H. Thorpe and D. J. Crisp little was known of the 
respiratory meohanisms of these remarkable insects, many of which 
are rare. Their “ Studies on Plastron Respiration ” have touched 
on all aspects of this subject. The first three papers in the series 
(1947, J. exp. Biol., 24, 227, 270 and 310) are devoted to Aphdo- 
cheirus and deal with the mechanism of plastron retention, the 
respiratory efficiency of the plastron and with the orientation re¬ 
sponses and pressure receptors. The physical principles underlying 
the water-protective properties of insect hairs are examined in a 
separate article (Crisp and Thorpe, 1948, Trana. Faraday Soc., 
No. 3, 210). 

Aphelocheirua sestivalia (Hemiptera-Heteroptera) is a large and 
active predaceous insect living in rapidly flowing streams at moderate 
depths. It is perhaps the most perfectly adapted plastron insect 
known. In the adult the plastron consists of a “ pile ” of minute 
vertical hairs, over 2 million per sq. mm., arranged with the utmost 
regularity. The continuous air film retained beneath the hair pile is 
visible as a luminous grey sheen on the under surface. The highly 
modified abdominal spiracles, also protected by plastron hairs, 
communicate freely with the plastron air space. 

The respiratory function of the plastron could be demonstrated 
by “ painting out ” the air film with a wetting agent (thereby 
reducing the contact angle at the hair-water interface). Such insects 
quickly show signs of asphyxia. On the other hand, the plastron is 
highly resistant to pressure changes. With bubble-carrying insects 
the gill mechanism fails in oxygen-saturated water, for if the air-store 
lacks nitrogen no pressure differences can be established across the 
interface. In Aphelocheirua the surface forces are entirely adequate 
to maintain the interface against pressure differences of this order; 
and an excess hydrostatic pressure of 3-5 atmospheres has to be 
applied before the abdominal sheen disappears—^an indication that 
water has entered the plastron. 

The authors develop a highly ingenious theory regarding the 
properties of different arrangements of hydrofuge hairs. They show 
that the two requirements of resistance to wetting and resistance 
to mechanical collapse of the hair pile conflict to some extent with 
the need for a large gas-water interface for respiratory exchanges. 
A system of vertical rod-shaped hairs would permit maximum gas 
exchange but would offer little resistance to wetting; a system of 
horizontal hairs would provide greater pressure resistance while 
reduoing the diffusion paths. A compromise seems to have been 
reached in Aphelocheirua for, although the shafts of the plastron 
hairs are arranged vertically, their tips are neatly bent over almost 
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at right-angles to the shaft. It would be expected on theoretioal 
grounds also that the smaller the dimensions of the free spaces 
between the airs the greater would be the water protection. This 
could be achieved by reducing the size of the hairs. But reduction 
below a certain critical size would result in the emergence of a further 
limiting factor, the structural rigidity of the hair material. It 
would seem that in their shape, size and arrangement the plastron 
hairs of Aphelocheirua must approach the condition best suited for 
reconciling these opposing requirements. 

The efficiency of the plastron as a respiratory organ is not greater 
than can be accounted for by simple gaseous diffusion. The main 
diffusion resistances are shown to occur at the plastron-water inter¬ 
face and at the junction of the tracheal endings with the tissues. 
Nevertheless, the total resistance amounts to little more than 3 per 
cent. atm. when the insect is at rest. 

The 6th instar nymph has no plastron, obtaining all the oxygen 
required by cutaneous respiration. The cuticle is more permeable to 
oxygen and the nymph itself is much less active than the adult. 
From their respirometer experiments Thorpe and Crisp deduce that 
if the adult insect depended only on cutaneous respiration, an 
oxygen tension of 20 per cent. atm. would be required to maintain 
basal respiration and 130 per cent. atm. to support vigorous move¬ 
ment. Some supplementary respiratory mechanism clearly becomes 
a necessity in the adult. With the plastron in operation the values 
for the oxygen tensions required at rest and during activity are 
reduced to 3 and 20 per cent. atm. respectively. 

The authors describe how the ecology and behaviour of the 
insect is bound up with the acquisition of the plastron. Since, in 
contrast to the air-stores of bubble-carrying insects, the plastron gas 
is of negligible volume, Aphelocheirua is heavier than water and has 
become a true bottom-living predator. The insect can colonise 
rapidly-flowing streams where, if it had to return to the surface for 
air, it would risk being carried away by the current. At the same 
time the species is, of course, restricted to turbulent, well-aerated 
waters. 

Aphelocheirtia is also well provided with proprioceptors, which 
doubtless serve to prevent sudden uncontrolled movements into deep 
waters of low oxygen tension. Tactile trichoid sensilla probably 
register the direction of currents when the insect is crawUng on the 
bottom. The dorsal light reaction enables it to maintain an even 
keel if the illumination is adequate. But, in addition, Aphelo¬ 
cheirua possesses a pair of specialised pressure receptors situated on 
the 2nd abdominal segment. These consist of patches of recumbent 
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hydrofttge hairs interspersed with innervated tactile sensUla. The 
hairs hold a gas film oontinaous with the plastron air space. Any 
pressure change, whether uniform or differential, will idter the angle 
of inclination of the hairs, thereby stimulating the tactile sensilla. 
By means of these organs Aphdocheima can maintain an even keel 
even in darkness ; and it responds to a general pressure increase by 
swimming vigorously upwards. 

The superficially similar pressure receptors in Nepa have also been 
re-examined. In this insect there are three pairs of organs, located 
on the 3rd, 4th and 6th sterna, each consisting of a number of over¬ 
lapping scale-like processes which when depressed touch the sensitive 
endings of certain specialised tactile cells. The air spaces beneath 
the scale-membrane of each organ intercommunicate by means of 
the tracheal system. Baunacke’s original interpretation of their 
function was found to be essentially correct, for, as their response 
is seemingly of an all-or-nothing character, the receptors could not 
serve, as in Aphelocheirus, to register general pressure changes. If, 
however, the body axis is inclined to the horizontal, air pressure in 
the system will slightly distend the scale-membrane of the higher 
organ while tending to collapse that of the lower. Such an organ, 
which functions as a sensitive differential manometer, would record 
relative changes in the body position with extreme precision and is 
evidently well adapted to the mode of life of the insect as it climbs 
slowly on water-weed and other submerged objects. 

Among the Coleoptera Thorpe and Crisp (1949. J. exp. Biol., 26, 
219) have described a remarkable range of plastron-bearing insects, 
including members of the Dryopoidea (Elmidse), Donaciine beetles 
of the genus Hammia and the weevil Phytobim velatua. They group 
aquatic insects with hydrofuge hairs into four categories. The first, 
which includes those with the most perfect structural and functional 
adaptations, possess an extremely fine hair-pile capable of withstand¬ 
ing a pressure of at least 2 atm. without wetting. The plastron 
functions solely as a gill and is too thin to afford a reserve of oxygen. 
Aphehcheirus, some Dryopoidea and Phytobius are placed in this 
group. In the latter insect the plastron consists of a vestiture of 
overlapping scales beset with plastron hairs. These structures recall 
the furry club-shaped hairs borne on the dorsal plastron areas of the 
aquatic larvae of the Arctiid genus PcUustra, described by P. Portier 
in La Biohgie des Lipidoptirea (1949, Encydopidie Entomologique, 
Sir. A, 23, 638 pp.) 

The second group includes Hamonia and Elmids of the genera 
Blmia and Biolua. Here the plastron hairs are a little larger and less 
densely arranged and can withstand an excess pressure of only 
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0-6-2-0 atm. The condition of the Elmidsc is particularly interesting^ 
for, although the plastron is functionally perfect in the sense that the 
insects need never come to the surface, it is not perfect structurally 
and so needs to be kept in good condition by the attentions of the 
insects themselves. The plastron hairs are relatively long, flexible 
and inclined to the horizontal. Any increase in external pressure 
causes the hairs to bend over and assume more closely the horizontal 
arrangement that is theoretically best adapted as a water-protective 
device. At the same time, however, there is a tendency for the outer 
gas layer (the “ macro-plastron ”) to be lost by solution and for the 
hairs to become matted together, leaving lacunse in the plastron 
through which water can penetrate. The insect avoids this contin¬ 
gency by persistently grooming the main plastron areas by means 
of plastron brushes ** located on the inner sides of the femora. 
Elmids are also often seen capturing small bubbles of oxygen or air 
adhering to plants and smearing them over their bodies. By such 
“ plastron replacement activities ** the parallel alignment of the 
plastron hairs is preserved and the macro-plastron gas is kept 
replenished. 

In the third group, which includes a further series of Dryopoidea 
and the Hydrophilid beetles, the plastron hairs are still more sparse 
and the penetration pressure only 0*5 atm. In Hydrophilus itself 
there is a double array of small and large plastron hairs ; the latter 
serve to retain the macro-plastron gas layer, which is of so large a 
volume that it may be of less importance as a gill than as an airrstore. 
In the smaller HydrophilidcB, the volume of gas so increases the 
buoyancy that the insect bobs to the surface unless it is actively 
swimming or clinging to some submerged object. 

The fourth group comprises moisture-loving or riparian insects. 
They have no plastron, but their hydrofuge hairs serve to prevent 
wetting when the insect enters the water to lay eggs or accidentally 
falls in the water. The comparison of related riparian and plastron- 
l)earing species (e.gf. Donada and Hsemonia) affords an interesting 
insight into the probable course of evolution. In Donacia the raw 
materials for evolution are already present. Only comparatively 
small modifications in the density, arrangement and shape of 
the hairs are needed to transform quite an ordinary equipment of 
hydrofuge hairs into the perfected plastron. 

Insect FuaHT and the Utiusation op Rbsebve Sub¬ 
stances. —^The rapidity of the wing movements in many insects 
has long attracted attention. Frequencies above 15 cycles per sec. 
generate a ** flight-tone ” which falls within the human acoustic 
range. The possession of a sense of absolute musical pitch, which 
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was supplemented by confirmatoiy measurements, has enabled O. 
Sotavalta (1947, Acta ErU. Fmnica, 4,1) to determine the flight-tone 
in a range of insects. In some of the smallest midges (Chirono- 
midffi) the flight-tone corresponds to a wing-stroke frequency of over 
1000 cycles per sec., and values of 100-300 are commonplace. This 
compares with contractile rates of 65 for the wing of the humming 
bird and 20 for the scratching reflex in the mouse. Owing perhaps 
to the small wing areas of most insects, air damping was found to have 
little or no effect on the wing-beat frequoncy, which remained con¬ 
stant when the insect was exposed to a partial vacuum. Virtually 
all the energy expended during these astonishingly rapid muscle 
contractions is therefore used in moving the wings up and down 
rather than in overcoming air resistance. 

Questions of energy consumption and the nature of the reserve 
substances utilised during flight have been studied particularly 
closely in Drosophila. L. E. Chadwick and D. Gilmour (1940, Physiol. 
Zool., 13, 398) found that in D. repleta, which has a wing-beat fre¬ 
quency of 180 cycles per sec., the oxygen consumption during flight 
rose to some 13 times the resting level. C. M. Williams, L. A. Bamess 
and W. H. Sawyer (1943, Biol. Bull., 84, 263), using D. funebris, 
then established that glycogen was used during flight. The mature 
fly contained 6 per cent, of glycogen by weight and progressive 
changes in the glycogen content during adult life were reflected in 
the duration of flight before a state of exhaustion supervened. And 
Chadwick (1947, Biol. Bull., 93, 229) later demonstrated that in two 
other species the R.Q. during flight was close to 1-0. 

More recently V. B. Wigglesworth (1949, J. exp. Biol., 26, 150), 
working with D. melanogaster, has provided a histological picture of 
the distribution of the reserve substances and of their mobilisation 
during flight. The principal reserve substance in the mature fly— 
glycogen—^forms dense deposits in the fat body and haltere knobs 
mid is distributed in smaller quantities at the surface of the muscle 
bundles, aroimd the muscle insertions and elsewhere. The fairly 
extensive reserves of fat are confined to the fat body and mid-gut 
cells. 

When the fly is walking round its container or is undergoing 
starvation, glycogen and fat are utilised concurrently. But this is 
not so during flight. Indeed, in exhausted insects, which have flown 
continuously for 4-6 hours, the fat deposits are virtually untouched, 
although glycogen, of course, is greatly depleted. Flight can be 
resumed temporarily after the insect has lieen allowed a brief resting 
period for the mobilisation of fresh reserves. 

Flies depleted of all readily available reserves by successive 
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“ flights to exhaustion ** proved to bo excellent material for investi¬ 
gating certain other questions. Thus the rate of consumption of 
carbohydrate during flight could bo estimated by feeding the 
exhausted fly with a meiisured volume of glucose solution at the tip 
of a waxed pipette and timing the duration of flight. The recovery 
time and subsequent flight behaviour was so consistent that this 
technique could also be used for determining the value of different 
substances as sources of energy. It is a striking fact that glucose 
can restore the capacity for flight within 45 seconds of the moment 
when the solution touches the proboscis. Fmctose and sucrose 
become effective rather more slowly, while other sugars, such as 
galactose, enable the insect to fly but fail to support continuous 
flight. 

Wigglesworth suggests that exhaustion supervenes when the 
reserves are reduced to such a low level that mobilisation fails to 
keep pace with consumption. Although the slow metabolism of fats 
in Drosophila evidently precludes their use as reserves during flight, 
fats are often the principal fuel in other insects, particularly in those 
making sustained migratory flights. In the beet leafhopper, for 
example, R. A. Fulton and V. E. Romney (1940, J. agric. Res,, 61, 
737) were able to base their estimates of the distance individual 
insects had flown from the breeding areas in Utah and Arizona on 
analysis of the fat content. This work on Euteitix ienellus has l>een 
continued by W. C. Cook (1944, Ecology, 25, 327). The reserves of 
fat in two British species of migratory moths were determined by 
C. B. Williams (1945, Proc, Roy, Ent, Soc, Lond., A, 20, 6). And 
G. Beall (1948, Ecology, 29, 80) has published fat analyses for the 
Monarch butterfly, Danaus plcxippus. The latter insect affords one 
of the most spectacular examples of insect migration, flying dining 
the autumn from the northern United States and Canada to sub¬ 
tropical regions, particularly Florida and California. The young 
butterflies start their southerly migration with a fat content equal to 
125 per cent, of the lean weight. This is reduced to 30 per cent, in 
butterflies lost over Lake Erie ; and in new arrivals at the place of 
overwintering, it may fall as low as 2 per cent. Fat is again laid 
down during the winter months in preparation for the return migra¬ 
tion in spring. 
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Astronomy and Navigation" (M. W. O.) 

In Occasional Notes of the Royal Astronomical Society^ No. 13, 
the Suf erintendent of the Nautical Almanac Office, Mr. D, H. Sadler, 
writes on “ Astronomy and Navigation." In the author’s words, 
“ the main object of this article is to follow recent progress in the 
technique and application of astronomical navigation, developing a 
central theme of the constant interdependence of astronomy and 
navigation." A history of the growth of astronomical navigation 
includes a discussion of fundamental problems, and emphasises the 
significant influence which the Royal Astronomical Society has 
exerted in moulding the form and content of the various editions of 
the Nautical Almanac. It is only recently that this role of adviser 
has fallen to another body, the newly-formed Institute of Navigation, 
under whose auspices the practical navigator (whose influence in the 
past is noted only for its absence) will add the weight of his experience 
to that of the astronomer in framing future policy. The second 
part of Mr. Sadler’s essay, which deals with modem developments, 
shows that he is well aware of the claims of radio navigation, but 
believes that much important w^ork remains to be done in the 
astronomical sphere in the solution of navigational problems and 
the simplification of tables and procedure. Part III, " The Future," 
speculates upon the influence of the rising science of astronautics on 
astronomical navigation, on tho one hand by contributing in the 
" Earth Satellite Vehicle " an almost ideal object for navigation 
observations, and on the other hand by bringing its own problems 
and difficulties of " interplanetary navigation." 

" Astronomy and Navigation " is published and sold by the 
Royal Astronomical Society, with 17 pages, 3 diagrams and 2 plates, 
price 3^. 6d. net. 

National Museiun of Wales Annual Report, 1948-49 (A. B.) 

The past year has seen the introduction of the new scheme for 
a museum schools service, referred to in our note of April 1949. 
A five-year initial plan is envisaged and the first two appointments 
have been made, one in association with the Depart^ient of Archseo- 
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logy and the other with the Department of Geology. As provision 
will need to be made for upwards of 300 secondary schools, it will be 
apparent that some time must elapse before the new service in its 
initial stages attains to useful proportions. There is no doubt that 
eventually the scheme will play a very important part in the educa¬ 
tional life of Wales, 

The Welsh Folk Museum at St. Fagans, opened in July 1948, has 
been enriched by the addition to its collections of over 1800 exhibits 
during the year under review. Outstanding gifts include a valuable 
collection of Welsh embroidery and lace patterns, a rare bracket 
clock, musical instruments, a late seventeenth-century bread-crate 
and an ark-lid chest of early eighteenth-century date. Welsh rural 
economy is illustrated by typical wagons, an ox-wain and a large 
collection of carpenter’s tools. 

A new scheme has been launched for the recording and preserva¬ 
tion in situ of early machines and plant used in the Special 
Industries of Wales,” and as a beginning enquiries are being made 
by the Department of Geology regarding the slate and tinplate 
industries. Some excellent models of fungi have been made for the 
Botany Department, which has also received an important bequest 
from the late Miss Eleanor Vachell of the valuable herbarium formed 
by the late Dr. 0. T. Vachell and herself. This collection is especially 
rich in material from the county of Glamorgan, 

A large collection of shells of fresh-water mussels has been added 
to the Zoological Collections by a gift from Mr. J. R. le B. Tomlin, 
including a series of Lumbricillits reynoldsoni from the Menai Straits. 
On the Archseological side much work has been done on the 
reorganisation of the Roman Gallery, and a series of interesting 
carved and inscribed stones from Welsh localities has been arranged. 
Work has also been done on the preservation of existing material, 
an all-important and essential function of museums on which too 
much emphasis cannot be laid. Many valuable additions have been 
made to the Department of Art and to the Library. 

The National Museum of Wales is now included in the terms of 
reference of the Standing Commission on Museums and Galleries and 
the Treasury have also authorised the appointment of one additional 
member of the Commission on the joint nomination of the National 
Museum of Wales and the National Library of Wales. 

Association of British Chemical Manufacturers’ Safety Con¬ 
ference (W. P.) 

In October last year a Conference on Chemical Works Safety 
was sponsored by the Association of British Chemical Manufacturers, 
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and organised for them by the Industrial Division of the Royal 
Society for the Prevention of Accidents. 

In the Proceedings which are being published by the Association, 
T. Senior has discussed the training of workers in the use of breathing 
apparatus, and Dr. A. J. Amor has presented in the form of useful 
tables recorded data on the toxicity of a wide range of organic 
liquids, while S. W. Richards has collected information regarding 
explosion risks and the electrical equipment and systems which 
can be safely used in the presence of dusts and vapours. 

Non-Ferrous Metal Industry in Germany, 1939-45 (C. J. F.) 

A survey * of German indtistry covering the field of non-ferrous 
metab, which is one of a series formerly known as B.I.O.S. Overall 
Reports, has been prepared by Prof. L. Aitchison and Dr. V. Kondic 
of Birmingham University. The survey summarises and forms a 
guide to the Allied investigations on the subject reported in the 
official C.I.O.S., B.I.O.S., F.I.A.T. and J.I.O.A. reports and in 
the F.D. and H.E.C. documents held by the T.I.D.U. Section of the 
Board of Trade. It is divided into four main parts, dealing respec¬ 
tively with light, base, rare and precious metals, and there is a 
fifth part dealing with miscellaneous items. The light metal and 
base metal parts are divided into sections on : smelting and refining ; 
casting ; wrought fabrication and finishing ; alloys (composition, 
structure, properties) and research; and uses and applications. 
The rare metals have short general sections devoted to them and 
the precious metal part has sections on extraction and refining, 
alloys, and uses and applications. The miscellaneous part consists 
of a bibliography only. 

At the end of each section or part is a comprehensive biblio¬ 
graphy of the relevant reports and documents—^it should bo noted 
that very many of these, particularly of the less important docu¬ 
ments, are not otherwise referred to in the survey. Two-thirds of 
the publication is taken up by these bibliographies. 

The general conclusion drawn by the survey is that, on the whole, 
German practice was conventional and well known and that there 
wore few outstanding developments. Improvements on the standard 
methods and equipment are noted, however, and reference is made 
to data on novel processes, including those tried out on the laboratory 
or pilot plant scale. 

* The Nvn-Ftrrous Metal Induetry in Germany daring the period 1939-1945. 
British Intelligenoe Objectives Sub-Committee Survojrs, Report No. 23. 
[Pp. 108.] (U.M.S.O., 1949. 8«. net.) 
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Misoellanea 

The New Year Honours List contained the names of the follow¬ 
ing scientists and others associated with scientific work: Baron: 
Dr, L, Haden Guest, M.P., secretary of the Levorhulme Research 
Fellowship Committee. K.B.E.: F. Brundrett, chief of the Royal 
Naval Scientific Service; H. C. Papworth, vice-chancellor of the 
University of Travancore. D.R.JS.; Prof. Olive Wheeler, professor 
of education and dean of the Faculty of Education in University 
College, Cardiff. Knights: Prof. A. L. Bowley, during 1919-36 
professor of statistics in the University of London ; A. M. Bryan, 
chief inspector of mines, Ministry of Fuel and Power ; Philip Hendy, 
director of the National Gallery; Dr. A. W. Pickard-Cambridge, 
deputy chairman of the Public Schools’ Governing Bodies Associa¬ 
tion, during 1930-38 vice-chancellor of the University of Sheffield ; 
S. J. Saint, director of agriculture, Barbados ; Arthur Sims, for 
services to medicine and education in the British Commonwealth; 
Prof. A. G. ’ransley, chairman of the Nature Conservancy; 
Dr. W. W. D. Thomson, professor of medicine, Queen’s University, 
Belfast; Prof. R. L. Turner, director of the School of Oriental and 
African Studies, University of London. G,B. : A. H. Gosling, 
director-general of the Forestry Commission ; S. S. Hall, director- 
general of technical development (air), Ministry of Supply; 
Dr. O. H. Wansbrough-Jones, scientific adviser to the Army 
CounciJ. C.M,G, : A. B. Killick, director of agriculture, Uganda ; 
W. H. Cocker, of Auckland, New Zealand, for outstanding services 
in university administration and adult education. C,B,E.: 
J. Anderson, chief scientist, H.M. Underwater Detection Establish¬ 
ment, Portland ; Mehmed Aziz, Anopheles Eradication Scheme, 
Cyprus ; O, G. S. Crawford, archaeologist; H. W. Dawes, president 
of the Royal College of Veterinary Surgeons ; A. N. Duckham, 
agricultural attach^ at the British Embassy at Washington; 
Prof. F. Hardy, professor of chemistry and soil science. Imperial 
College of Tropical Agriculture, Trinidad ; C. Harvey, director of 
agriculture, Fiji; Dr. Franklin Kidd, director of food investigation. 
Department of Scientific and Industrial Research ; E. C. Lloyd, 
deputy chief veterinary officer, Ministry of Agriculture ; Miss Ida 
C. Mann, senior surgeon. Royal London Ophthalmic (Moorfields) 
Hospital; Prof. J. W. Munro, professor of zoology and applied 
entomology in the Imperial College of Science and Technology, 
London; F. M. Owner, chief engineer (Engine Division), Bristol 
Aeroplane Co., Ltd.; Prof. F. G. Soper, Professor of chemistry in 
the University of Otago; W. J. Spaflbrd, lately director of agri¬ 
culture, South Australia ; K. T. Spencer, deputy director of aircraft 
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research and development (teohnioal), Ministry of Supply; Prof. 
A. M. Tyndall, chairman of the Executive Committee, National 
Physical Laboratory. 

At the anniversary meeting of the Royal Society held on Novem¬ 
ber 30 the following were elected as officers for the ensuing year: 
President, Sir Robert Robinson ; Treasurer, Sir Thomas Morton; 
Secretaries, Sir Edward Salisbury and Sir David Brunt; Foreign 
Secretary, Prof. E. D. Adrian. 

The two Royal Medals of the Royal Society for 1949 were 
awarded to Sir Ceorge Thomson, for his distinguished contributions 
to many branches of atomic physics, and especially for his work in 
establishing the wave properties of the electron, and Prof. R. A. 
Peters, for his distinguished biochemical researches, in particular his 
investigations of the biochemical role of vitamin Bj in tissue metabol¬ 
ism, and of the mechanism of the toxic action of lewisite and other 
arsenical compounds. The following medals were also awarded: 
Copley Medal to Prof. G. C. de Hevesy, for his distinguished work 
on the chemistry of radioactive elements and especially for his 
development of the radioactive tracer technique in the investigation 
of biological processes; Davy Medal to I’rof. A. R. Todd, for his 
structural and synthetic studies and achievements in organic and 
biochemistry, with special reference to vitamins Bj and E and the 
naturally occurring nucleosides; Sylvester Medal to Prof. L. J. 
Mordell, for his distinguished researches in pure mathematics, 
especially for discoveries in the theory of numbers ; Hughes Medal 
to Prof. C. F. Powell, for his distinguished work on the photography 
of particle tracks and in connection with the discovery of mesons 
and their transformation. 

The Nobel Prize for Physios for 1949 was awarded to Prof. H. 
Yukawa, of Tokyo, visiting professor at Columbia University, New 
York, the Nobel Prize for Chemistry to Prof. W. F. Giauque, pro¬ 
fessor of chemistry in the University of California, and the Nobel 
Prize for Physiology and Medicine jointly to Prof. W. R. Hess, of 
Zurich, and Prof. A. E. Moniz, of Lisbon. 

Other medals awarded include the medals of the Geological 
Society: Wollaston Medal to Dr. Norman L. Bowen, of the Qeo- 
ph}rsioal Laboratory, Washington, Murchison Medal to Mr. Tom 
Eastwood, lately assistant director of H.M. Geological Survey, Lyell 
Medal to Prof. S. J. Shand; Faraday Medal of the Institution of 
Eleotrioal Engineers to Sir James Chadwick, F.R.S.; Baker Gold 
Medal of the Institution of Civil Engineers to Major-General A. C. 
Fewtrell. 
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Wo have noted with great regret the announcements of the death 
of the following scientific workers during the quarter: Mr. J. E. 
Barnard, P.R.S., formerly head of the Department of Applied Optics, 
National Institute of Medical Research; Prof. Alfred S. Barnes, 
formerly professor of electrical engineering in the University of 
Manchester ; Dr. Isaiah Bowman, lately president of Johns Hopkins 
University ; Mr. W. E. Copleston, C.S.I., formerly chief conservator 
of forests, Bombay; Dr. Clifford Dobell, F.R.S., Protistologist to 
the Medical Research Council; Dr. J. N. Keynes, Registrary 
Emeritus of the University of Cambridge ; Prof. Ren6 Maire, pro¬ 
fessor of botany in the University of Algiers ; Mr. J. P. Marshall, 
C.B.E., Director, British Mosquito Control Institute, Hayling 
Island ; Prof. Alexander Mock, emeritus professor of zoology in the 
University of Durham ; Prof. Stefan Meyer, formerly director of the 
Vienna Radium Institute; Prof. W. H. Newton, professor of 
physiology in the University of Edinburgh ; Prof. T. Slater Price, 
O.B.E., P.R.S., emeritus professor of chemistry at the Heriot-Watt 
College, Edinburgh ; Dr. A. E. V. Richardson, C.M.(i., lately chief 
executive officer of the (bmmonwealth Council for Scientific and 
Industrial Research, Australia. 

A paper by R. J. Comiccini in the Journal of Research (August 
1949), published by the National Bureau of Standards of the U.S.A., 
contains a discussion of the changes in the temperature scale, 
adopted in 1927 by the Seventh General Conference on Weights and 
Measures, made at the Ninth (leneral Conference held in 1948. The 
most obvious are the change in the silver point (from 960*5^ C. to 
960-8° C.), in the Wien constant c, (from 1-432 to 1-438 cm. deg. G), 
and the use of Planck’s law for temperatures above the gold point. 
In addition it was agreed that the zero of the thermod)aiamic scale 
should be defined as 0*0100 deg. below the triple point of water. 
The range of temperature to bo determined with the platinum 
resistance thermometer was altered slightly, viz. from the oxygen 
point (— 182-970° C.) to the freezing-point of antimony (about 
630*5° C.), instead of from — 190° C. to 660° C. These and other 
small changes produce an appreciable difference between the 
numerical values of temperatures above 630*5° C. when expressed 
on the 1948 and 1927 scales. They agree, of course, at the antimony 
and gold (1063° C.) points, which remain unaltered, but between 
these temperatures the 1948 scale gives higher numerics (the 
maximum difference being 0*43 deg. C. at 840° C.). Above the gold 
point the numerical values on the 1948 scale are lower than on the 
original scale; the difference is !•! deg. C. at 1300° C., 6*4 deg. C. 
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at 2000® 0., 20 deg. C. at 3000® C. and 43 deg. C. at 4000® 0., which 
is about the highest temperature at which the Wien law formula, 
specified in the 1027 scale, is sufficiently accurate. Writing 
Cg = 1*438 and using the Wien law instead of Planck's law makes 
a difference of less than 1 deg. C. in the evaluation of temperatures 
below 3500® C. At 4000® C. use of Wien’s law gives a value 
3*2 dog. C. above that calculated from Planck’s law, while at 
6000® C. the difference becomes 16*8 dog. C. 

Two other papers in the August 1949 issue of the Journal of 
Research may be of general interest. One, by N. Bekkedahl, 
describes a relatively simple technique for volume dilatometry ; the 
other, by I. C. Gardner, deals with the entrance and exit pupils of 
telescopic systems. 

The Tin Research Institute has published a booklet dealing with 
the composition, pnjperties and uses of fusible alloys containing tin. 
First there ai*e binary eutectics melting at temperatures between 
221® C. (96*5% Sn, 3*6% Ag) and 117® (;. (48% Hn, 52% In); next 
a group of alloys based on the ternary eutectic (Sn 15-5%, Bi 52*5%, 
Pb 32%), which itself melts at 96® C.; and finally, in the “near 
eutectic ” series, alloys based on the quaternary euto(*tic (Sn 13*1%, 
Bi 49*6%, Pb 27*3% and Cd 10*1%) which molts at 70® C. The 
ternary group includes Newton’s and Rose’s alloys and the qua¬ 
ternary Wood’s and Lipowitz’s alloys. The addition of gallium or 
indium to the quaternary alloys lowers their melting-point to a limit 
of about 47® C., or by the further addition of mercury to 38° C. 
The booklet gives details of the mechanical properties of many of 
the commercial alloys, e,g. Cerromatrix, used for locating and secur¬ 
ing dies, punches, etc., in their mounts. This alloy melts at 103® C., 
has a tensile strength of 13,000 lb. wt. per sq. in., a Brinell hardness 
of 19, zero coefficient of thermal expansion between 54® 0. and 
103® C., and expands slightly on solidification. Cerrotru, a tin 
bismuth eutectic melting at 138® C., is used for metal patterns cast 
from a master pattern, since tliere is no sensible change in its volume 
on solidification. The booklet refers to many other uses of low 
melting-point alloys, e,g, sprinkler heads, glass-metal seals, fillers for 
tube bending, tempering batlis and the metallisation of wood. It 
is obtainable, free of charge, from the Tin Research Institute, 
Fraser Road, Greenford, Middlesex, England, or 492 West Sixth 
Avenue, Columbus, 1, Ohio, U.S.A. 

The Tin Research Institute publishes also a journal entitled 
Tin and its Uses, It is presumably the intention of the Institute 
that a new number should appear each month, buL under present 
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conditions it appears only at irregular intervals. The issue for 
October 1049 contains a number of useful and well-illustrated 
articles concerned with the production of the metal and its applica¬ 
tion in industry. One provides conclusive evidence of the eCFeot of 
coating steel with a thin layer of tin before it is painted. Such 
articles as cycle mudguards, window frames, sidecar chassis, when 
so treated, retain their original appearance after exposure to the 
weather, but when lacking the protective coating, though otherwise 
prepared and exposed in the same way, rust badly. 

When, in 1937, Dr. D. A. Oliver of the Permanent Magnet 
Association, Sheffield, lectured to the Institute of Physics on per¬ 
manent magnets, the best material he could describe was the British 
alloy Alnico, containing approximately 18 per cent, nickel, 10 per 
cent, aluminium, 12 per cent, cobalt, 6 per cent, copper and 
64 per cent. iron. This material had a remanence (B,.) of about 
7600 gauss, a coercivity (H^) of about 600 oersted, and a value of 
— 1*6 X 10® ergs per c.c. In a paper in British Science 
News (December 1949) T. E. Kerr of the same Association gives a 
brief account of the latest results obtained in the Research Labora¬ 
tory maintained by the Association. Until recently Alcomax II 
was the most satisfactory material for permanent magnets developed 
by the Association. For this alloy B^ ~ 12,400 gauss, == 670 
oersted and = 4*3 x 10® ergs per c.c. This value of the 

magnetic energy is adequate, but the coercive force is smaller than 
is desirable, in view of the demand for very short magnets in wireless 
and television apparatus. The coercivity can be improved without 
diminishing the value of (BH),„ax. by adding niobium to the alloy 
and two new alloys Alcomax III and Alcomax IV, containing this 
substance, are now available. For Alcomax III B^ = 12,200, 

— 660 and (BH),jj^x. =4*76 x 10®.* A further improvement, 
due to Dr. K. Hoselitz, is obtained by growing the columnar crystals 
in the casting with their axes in the direction of the subsequent 
magnetisation. A sample of Alcomax III so prepared gave the 
following figures: B,. 13,600, 746 and (BH),^^^^ 7*06 x 10®—a 

notable advance on the Alnico of 1937. 

The twenty-second Annual Report of the Council for Scientific 
and Industrial Research of the Commonwealth of Australia for the 
year 1948 shows that the Council is now responsible for a vast 
number of investigations, covering a wide field of scientific interest. 
The greater part of the Report (108 pages out of 141) is devoted to 
short summaries of this work classified under some twenty headings 
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from Aeronautics to Trlbophyaics ” (a term which here covers 
not only problems concerned with friction and lubrication, but also 
metal physios and explosives), and including such diverse matters 
as the banding of mutton birds (the concern of the Fisheries section), 
radio reflections from the moon, and the qualities of cherry yeast. 
The net cost of all the Council’s work to the taxpayer appears to 
have been a little over 1*5 million poimds, a small sum when com¬ 
pared with the financial value of many of the results obtained. 

The D.S.I,R. has issued an interesting account of the attempts 
made by the Pest Infestation Laboratory to devise an insect-proof 
material which could be wrapped round packages, and which should 
be cheap and easy to handle. First attempts to devise such a 
wrapping failed for reasons given in the report. For example, 
corrugated cardboard impregnated with D.D.T. failed because the 
smaller insects, “ which love to crawl along tunnels and cracks, did 
not realise that, after boring through the crinkled layer, they had 
penetrated into a tunnel and went straight through the layer of 
cardboard beyond, while the bigger insects were too large to get 
through at all—both sizes thus failing to pick up a lethal dose of the 
D.D.T.” Success was achieved by the use of cellulose wadding. 
” Several layers of this very thin material, impregnated with 
D.D.T., are used together, and the insect, on getting through the 
first, discovers a labyrinth of tunnels and folds along which it 
happily threads its way, instead of going straight through. In this 
way it picks up enough D.D.T. to kill itself.” In practice the 
wadding would be sandwiched between two layers of ordinary 
papers to prevent the contamination of goods by D.D.T. and so 
that it could be handled easily. 

Strong support for the theory of thermal conduction in solids, 
put forward by Debye many years ago, is provided by experiments 
on the transmission of ultrasonic waves through metal, quartz and 
glass rods, of which a simple description is given by W. P. Mason 
in the Bell Laboratories Record, December 1949. Since heat is a 
manifestation of the energy of vibration of crystal lattices, Debye 
suggested that it is transmitted from one layer of molecules to 
another in the same way as an acoustic wave. The difference of 
speed is accounted for by the difference in frequency—for heat the 
frequencies are mostly in the 10* megacycle band, while audible 
” sounds ” are in the 1 kilocycle band. Using quartz crystals held 
against the two ends of a rod, one as the source of the waves and 
the other as receiver, it is possible to investigate the passage of 
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ultrasonio waves in the 10-megacycle band and, far as these are 
from the thermal band, they yet begin to show the characteristics 
of heat transmission. 

When an acoustic wave passes along a rod in which the crystals 
are aligned in the direction of transmission, it is attenuated only 
by mechanical hysteresis. The loss of acoustical energy per cycle 
is constant, so that the total loss is proportional to the frequency. 
(The lost ” energy is converted into heat and so does not occur 
with “ heat ” waves.) If the crystals are oriented at random, the 
main wave is attenuated by reflections at the crystal boundaries. 
For wave-lengths greater than about three times the grain diameter 
this “ scattering loss is proportional to the fourth power of the 
frequency ; for much smaller wave-lengths it is independent of the 
frequency, but inversely proportional to the grain diameter. The 
scattered energy continues to travel through the rod, but takes longer 
to reach the end because of the irregularity of the path it follows. 
These statements are confirmed by experiment. In particular, the 
energy of a pulse started at one end of a brass rod having an average 
grain diameter of 1*25 mm, was almost entirely scattered before it 
reached the other end. What appeared there was not a sharp pulse, 
but a disturbance which quickly reached a maximum and then 
tailed off slowly.” Since the scattering is proportional to the 
fourth power of the frequency, it becomes very great for waves in 
the thermal band ; all the thermal energy travels by reflected paths. 
Curves showing the variation with time of the temperature at one 
end of a rod due to a “ heat pulse ” at the other were calculated from 
the equations for heat transmission, and the results obtained by 
experiment for a sound pulse show the similarity which would be 
expected from the Debye theory. 
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SIR FREDERICK GOWIJINO HOPKINS. By PBorassoB C. 
Riminoton, M.A.» Ph.D., D.Sc.» University College Hospital Medical 
School. Being a Review of Hopkins and Biochemistry, 1861-1947. 
Papers concerning Sir Frederick Gowland Hopkins, O.M., P.R.S., with 
a selection of his addresses and a bibliography of his publications. 
Edited by Dr. Joseph Needham, F.R.S., and Dr. Ernest Baldwin; 
with a Foreword by Prof. A. C. Chibnall, F.R.S., and contributions by 
Dr. MIaloolm Dixon, F.R.S., Dr. Leslie J. Harris and Dr. Marjory 
Stephenson, F.R.S. A Commemoration Volume prepared on the 
occasion of the First International Congress of Biochemistry, Cam¬ 
bridge, 1949. [Pp. X -f 361, with 11 plates and 1 other illustration.] 
(Cambridge : W. Heffer & Sons, Ltd., 1949. 18«. net.) 

'' A MAN who can be regarded as one of the greatest scientists and, 
in his own sphere, the greatest scientist of his time, is very rare. 
A man who is esteemed by everybody and regarded with affection 
by all his friends, colleagues and pupils, is by no means common. 
The combination of both these qualities in one person presents us 
with a man of such outstanding individuality that the degree of 
knowledge, skill, judgement and sympathy required to give his 
biographic lecture is almost unattainable,” says Sir Edward Mellanby 
in his admirable memorial tribute to Sir Frederick Gowland Hopkins. 
It was an inspiration of the happiest kind which led the Editors of 
the volume under review to assemble under one cover a selection of 
Hopkins’ most significant writings and of the appreciations of others 
and to complete this work in time for its distribution to those 
attending the First International Congress in Biochemistry in 
Cambridge, 1949. The Congress was, in itself, a memorial to 
Hopkins* life’s work and here in these pages one may retrace the 
thoughts by which in the short space of some thirty years (1898- 
1929) he founded and established the subject of biochemistry in 
Great Britain and became deservedly acclaimed as one of its greatest 
living exponents. His own autobiographical fragment, the essays 
of his colleagues and the illuminating commentary by Dr. L. J. 
Harris upon Hopkins’ writings and achievements add further to the 
charm and value of this volume. 

Hopkins approached biochemistry by way of analytical chemistry 
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and then medicine, and hie earlier studies were naturally concerned 
with the identification and determination of body constituents; 
yet even in his earliest scientific efforts the question “ How ? ” was 
always associated with the question “ What ? ” In 1936, describing 
his boyish experiments of 67 years earlier with the bombardier 
beetle Brachinus crepitans^ which, on being alarmed, ejects a violet 
vapour into the air, he says, “ I felt an intense curiosity to know not 
only how this volatile stuff could be made and stored but, in parti¬ 
cular, what the stuff could be. . . . Though the designation was 
not yet invented, I became there and then a biochemist at heart.*^ 
Surely any boy might have wondered what the coloured vapour 
was, only a Hopkins was immediately curious to know how it was 
made and stored. 

Passing down the years we come to his work on lactic acid 
production in muscle, where for really the first time he had the 
experience of working with living tissue, and this is how his mind 
reacted to that experience : “In the evolution of muscle it would 
appear that advantage, so to speak, has been taken of this phase in 
carbohydrate degradation and that, by appropriate arrangement of 
the cell elements, the lactic acid, before it leaves the tissue in its 
final combustion is assigned the particular position in which it can 
induce those tension changes upon which all the wonders of animal 
movement depend.’’ The ideas of dynamic flux and of the integra¬ 
tion of structural organisation with chemical change to subserve 
some vital function of the cell are fully and freely expressed in this 
passage. No matter that lactic acid plays a subsidiary role nowadays 
in the biochemistry of muscle, the intellectual achievement remains 
undiminished. 

Before penning the Croonian Lecture in 1916, from which the 
above quotation is taken, Hopkins had already advanced far with 
this new concept of a dynamic life of the coll and had enunciated his 
ideas in a remarkable address to the Physiological Section of the 
British Association in 1913. Ho was still a pioneer : “ I have made 
it my business during the last year or two to learn, by means of 
indirect and most diplomatic enquiries, the views held by a number 
of our leading organic chemists with respect to the claims of animal 
chemistry. I do not find any more the rather pitying patronage 
for an inferior discipline, and certainly not that actual antagonism, 
which fretted my own youth ; but I do find still very widely spread 
a distrust of the present methods of the Biochemist, a belief that 
much of the work done by him is amateurish and inexact.” Beading 
the address against this background, one is astounded by its wealth 
of prophetic insight, by the masterly sweep of its intellectual progress 
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and by the-multitude of suggestions which today ara proven facts. 
It is in this address that the famous phrase occurs when speaking of 
the cell, “ Its life is the expression of a particular dynamic equili* 
brium which obtains in a polyphasio system.” 

1 would like to touch on another point which has been generally 
overlooked by those who have commented upon Hopkins’ life and 
work. It is the credit due to him for envisaging at an early stage in 
the development of biochemistry the possibility and importance of 
chain reactions and sequences. We are today so familiar with 
various ” cycles ” that the boldness of the original conception tends 
to become obscured, yet in his work upon glutathione and its pos¬ 
sible functions the idea is introduced that intermediate hydrogen 
transport may be accomplished in living tissues by a chain of 
suitable acceptors. 

Although Hopkins’ biochemical writings all present evidence of 
the profound phdosophical background which he had developed for 
his subject, and although it is clear that he had read and pondered 
the writings of Whitehead and similar leaders of philosophical 
thought, it was rarely that he devoted an address to a philosophical 
theme. The one given in 1927 and reproduced in this book is a 
noteworthy example. Here he seems to have accepted as intolerable 
the challenge in J. S. Haldane’s pronouncement, which he quotes, 
“ The new physiology is biological physiology—not biophysics or 
biochemistry. The attempt to analyse living organisms into 
physical and chemical mechanism is probably the most colossal 
failure in the whole history of modem science.” Ho is at infinite 
pains to discover just what is implied in this statement and to deal 
with it fairly. The attitude of the vitalist was to him always 
inhibitory and therefore unjustifiable and ’’ a bias in favour of 
‘ oiganicism ’ may lead to misinterpretation of experimental data 
just as readily as the bias in favour of too facile ‘ mechanism ’ 
which ruled in the later years of the last century.” Without expend¬ 
ing effort to analyse the organism into chemical mechanisms, our 
knowledge and grasp of it as a whole would be superficial and 
incomplete. ]llie concludes : “ There are aspects of the organism 
which must be left to the philosopher to deal with, if he can. But 
surely the soundest philosophy is that which, instead of ignoring 
any of the hard won data of experimental science, shoidd use them 
all—each in its place—^in an endeavour to arrive as nearly as possible 
at reality.” 

Hopkins possessed a whimsical sense of humour which added 
gtektly to his personal charm. He was fond of repeating; 
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I often wonder as I go 

What makes the little daisies grow, 

And when I die, as die I must 
And dust at length returns to dust, 

Some other fool will want to know 
What makes the little daisies grow ! 

One mark of his greatness, to which every word in this book 
bears witness, whether in appreciation by others or from his own 
hand, is Hopkins* deep yet noble humility of character. One 
cannot close better than with those lines from Goethe, a poet whom 
he himself not infrequently quoted: 

Was kann oin Mensch im Lebon mohr gcwintien, 

Als dasH sich Gott-Natur ihm offenbarr* ? 
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ASATHEMATICS 

Introduction to Algebraic Geometry. By J. O. 8kbcpi.k and L. Roth. 
[Pp. xvi 4- 446, with 16 figures.] (Oxford : at the Clarendon Press, 
1949. 30s. not.) 

This book j^rovidi's an excellent introduction to the study of algebraic 
geometry. It caters for the studf'iit who is ticking up the subject in earnest 
after completing the usual coum' in the theory of conics, quadrics, etc. 

An introiluctory chapter lays down general concepts and primary propr^r- 
ties of collineations, algebraic mcmifolds and corro8|)ondenc‘f's in j^rojoctivo 
linear space over the complex field. 

Cliapters II-V deal mainly with plane curves. Their structure' is df»scribod 
in the elementary asijccts, with special reference to ilu' rational and elliptic 
types. By means of a finite number of quadratic transformations, it is shown 
how to transform a curv'e into one with only ordinary singularities. Then we 
have correspondences on a lin<^ and in a piano, Bezout’s theorem, Pliicker’s 
equations, invariance of genus, imd a discussion of curves in space. The 
simplest case of Noether’s A/ -f theorem folK'ws, with associated topics. 

Chapters VL VIH are about linear systems of curves in a x^lan© and of 
surfaces in space, and the firojectivo models of such systems. Many famous 
sui'faces and threefolds are introduced in this way, bositl(»H the tlv'ory of 
Cremona transformations and involutions. 

Chapter IX is an fMXJoimt of the projective characb^rs of curves and 
BurfaccH in 8^, with particular references to the case r 3. 

Chapter X is on fhe geometry of systems of lines in 8, and S,, and on the 
representation of linos in a systi'm by points of im algebraic mamfold. 

Chapter XI introduces Schubert s calculus and is prinei{willy concerned 
with f'numerativo problems for lim's and for (pmdiii* suilaces ; it concludes 
with a discussion c-f the validity of the six-HMalisation y)rinciplo. 

Chapters XII and XIII oyx'n up furtlier ground by their accounts of the 
invariantive theory of curv<*H and surface's. The canonical series on a curve, 
canonical system of curv<is on a surface, and the lliemann-Roch theorem for a 
curve ore among the fundamental topics discussed ; finally there is an outline 
of fui*ther dc vclojmKnts. 

Tlie exposition is ck‘ar and refiocts the enthusiasm which the authors feel 
for their subject. Prof. Semple and Mr. Roth have themselves made notable 
contributions to the tlioory ; it is therefore gratifying to find that some of 
their work is presented in this book in a form easily grasped by beginners. 

A feature of particular value is the emphasis on the technique of representa¬ 
tions. Thus the structure of a linear system is clcuified by consideration of 
its projective model, and vice versa ; and the geometry of line-systems is 
similarly illuminatcni by the study of Grassmann manifolds: the student 
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leanui to think of an r-dimonBional spaoo with the same case as one of 2 or 3 
dimensions. 

The presentation of the subject of algebraic geometry is from the point of 
view of the Italian School, the appreciation of which was so effectively taught 
by Prof. H. F. Baker. “ Modem algebra ** is now playing an increasing port 
in geometry, affecting both the centres of interest and the language of the 
subject. It is therefore intort\sting to speculate on what adjustments will bo 
effected between the two points of view, especially at the level of this book. 

The book is clearly sot out in the best Oxford style. A valuable feature is 
the large collection of exorcises, some worked in outlino, some indicating further 
ideas, and all stimulating. Each chapter ends with a list of books for sub¬ 
sequent reading. The very full list of contents scMmis intended to make an 
index unnecessary : but nevertheless an index would still have boon useful. 

The authors must liavo foimd it anything but easy to decide how much 
groimd to cover and how dt'oply to ponc'trate into it. One infers that they 
have been guided by the introductory purpose of tlieir writing. (Jonsequontly, 
certain asjx^cts of theory are prt*sentod in tli(3ir simidt^st forms, the dilHculties 
of the general coses being indioiited but h'ft to be reiul elsewhere. As a result, 
nothing is very difficult, which may bo a good thing : but one could have 
wished that the ultimate dependence on other U^xtbooks had boon lessened. 

In conclusion, the reviewer wishes to express the personal enjoyment he 
has in reading the book, and to commend it warmly. 

J. W. A. 

Five<->Figure Tables of Mathematical Fimctions. By John Bokth- 
wiCK Dale, M.A. Second edition. [Pp. viii f 121.] (London: 
Edward Arnold & (\)., 1949. 65 . net.) 

TjfK first edition of this well-known collection of five-figure tables of mathe¬ 
matical fimctions was first published in 1903 and has bet^n frequently reprinted 
since. It contained among others tables of squares, squan^ roots, powers, of 
natural and logarithmic trigonometric function, both circular (at sexagesimal 
argument) and hyjx*rbolie, and some small tables concerning certain higher 
mathematical fimctions such as the Elliptic Fimctions, E and F, the Bessel 
Function and 1^, the f’-fimction and the Error integral, all supported by 
auxiliary tables of constants and of interpolation coefficients. 

Ta the present second edition five-figure tables of logj^a* for x 1000 
(0*001) 2*999 and of logn, sinh x, log^^ cosh x and logj^ tanh x for x ^ 0*00 
( 0 * 01 ) 2*00 ( 0 * 1 ) 6*0 have boen added. 

Whilst there is no doubt about the popularity of these tables in the past, 
the original an-angcanont has boen, in the main, retained and the table does 
not, therefore, incorporate modem improvements in methorls of interpolation, 
pagination and tabular typography. 

H. O. Hartley. 

Living Mathematics. By N. S. Underwood and F. W. Sparks. Second 
edition. [Pp. x -f 374, with 88 figures.] (New York, Toronto, 
London: McGraw-Hill Book Co. Inc., 1949. 36s. net.). 

The existence of '' puzsle comers ” in popular papers and magazines is 
evidence enough that there are plenty of amateur mathematicians who enjoy 
dabbling with ** teasers,'’ and many of these must at times have wished that 
they knew a little more mathematics. Such persons may well find this second 
and revised edition of Living McUhemcUics both instructive and entertaining. 
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The book is in two distinct part8» called respectively ** Algebra ** and 
“ A look over the field.** 

The first gives a detailed account of elementary algebraic prooesst^, 
introducing linear and quadratic equations, functions and graphs, logarithms 
and series (with applications to Compound Interest and Annuities). There 
are numerous examples for the reader to work out, both easy and harder, 
and answers are supplied. 

The second part of the book deals with elementary analytical geometry, 
calculus, trigonometry, probability (with its application to Insurance); and 
a brief survey of theory of numbers. This second part is nothing like as 
detailed as the first, and he would be a fairly able amateur who, with no 
previous knowledge of the subject, managed to make much of, for example, 
the calculus section. But the authors claim only to be taking ** a look,** and 
they would surely bo satisfied if they whetted the appetite of the reader 
sufiQciently to drive him to seek more detailed information from orthodox 
textbooks. 

The book is written in a breezy, humorous style, and many teachers would 
loam something from its vividness of expression. Annuity and Discount 
Tables are supplied, as well as those concerned with Logarithms and Trigo¬ 
nometry. The book, which is beautifully bound and printed, could take its 
place on the shelf next to MathemeUies Jot the Million, 

Raymond Walkbr. 


ASTRONOMY AND METEOROLOGY. 

The Structure of the Uuiveree. By G. J. Wiirraow, M.A., D.Phil., 
F.R.A.S. Hutchinson’s University Library, No. 29. [Pp. 171.] 
(London : Hutchinson’s Scientific and Technical Publications, 1949. 
7s. 6d, not.) 

Thb aim of the series is to provide popular yot scholarly introductions for 
the benefit of the general reader, but more especially for the unprofessional 
student who wishes to pursue his chosen subject systematically up to some¬ 
thing like a University standard.” While a imivorsity standard of cosmology 
may l>e an ill-defined concept, it is difficult to believe that a text which 
contains leas than a score of equations could fulfil this aim. But in attempting 
the impossible it is not surprising that the author falls short of the ideal—in 
fact, it is surprising that he has succeeded in conveying so much difficult 
matter in a lucid manner. 

The treatment develops three interdependent themes. Modem observa¬ 
tion of the extragalaotic nebul» is approached by an historical survey, where 
the difficulty of interpreting ” crude ” observational data is empheusisod. 
General relativity and its associated cosmologies lead to the second theme, 
the theoretical foimdations of science. In the conflict between the Baconian 
and Kantian approaches to natural philosophy, the reader is not long left in 
doubt as to the opinions of the author as a member of the Oxford school of 
Kinematic Relativists. This philosophical discussion is a necessary prelude 
to the third topic, the Eddington and Milne theories of the constants of nature. 
The treatment of thes.i a priori epistemological approaches to cosmology is the 
most important, if the most exacting, task of the author, and it is a pity that an 
imparti^ critical faculty so evident throughout most of the text should at this 
point be partially eclipsed by pei'sonal enthusiasm. 
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A gallant attt^mpi has boon made to satisfy both the layman and the 
serious student. If the former finds much that is iucomprehonsiblo, and the 
latter only enough to whet his appetite, this is due to tho inherent dififloulties 
of the subject, and not to any shortoomings of authorship. Broad in outlook, 
and up-to-date in technical content, it can be recommended as a useful 
elementary introduction to one of the most fascinating realms of scientific 
speculation. 

M. W. O. 

Some Recent Researclies in Solar Phyeice. By F. Hoylr, M.A. 

Cambridge Monograplis on Physics. [Pp. xii 4- 134, with 8 figures.] 

(Cambridge : at the Uiiivorsity Press, 1949. 12s. 6d. not.) 

An up-to-date treatment of solar physios is an urgent need at the present time, 
for developments in this field in tho past decade have rendered existing texts 
hopelessly inadequate. Plctisure is thus the first reaction to tho appearance 
of a monograph whitdi aims “ to provide a ooncise aecoimt of the present state 
of solar physics,’* especially one by an author who has brought an original 
mind to refn^sh so many fields of theoretical astrophysics. The greater, there¬ 
fore, is the disappointment on finding that in fact it provides nothing of the 
kind. 

A summary of the oontents suffices to show that the claim cannot bo 
justified. The first chapter takes the briefest of glances at sunspots and the 
sunspot cycle, and solar rotation, including a theoretical disotission of the 
growth and decay of sunspot magnetic fields. In the second chapter, observa¬ 
tional data on the chromosphere and corona are given: transient chromo¬ 
spheric phenomena (flares, prominences, etc.) are dealt with adequately ; but 
for too little space is given to observations, with and without an eclipse, of 
normal conditions. In this chapter is also included a thumb-nail sketch of the 
ionisation equilibrium and emission of radiation in those regions. Tlie 
next two chapters (which together comprise more than a third of the text) are 
devoted to a clotailed development of the author’s theory of tho dependence 
of the chromosphere and corona upon accretion of interstellar matter. The 
last three short chapters deal with electromagnetism in solar physics, solar and 
terrestrial relationships, and radio emission from the sun. The Fraunhofer 
linos and their formation receive scant attention. The main text was written 
in 1947. Rather than embark upon a complete revision, the author has 
included an appendix dealing with recent theoretical and experimental work, 
primarily in the field of solar-terrestrial relationships, (It is unfortunate that 
no mention is made of the long-wave radio phase anomalies, which are of 
paramount importanoe to the solar physicist because of their very close 
correlation with solar flares.) 

The new series of monographs, of which this is one of the first members, 
has developed out of the earlier Cambridge Physical Tracts, but, whereas the 
purpose of the Tracts was largely the presentation by the authors of their own 
work, tho emphasis of the new series is stated to be on more genial treatment. 
Mr, Hoyle’s text is in tho spirit of the Tracts, and not of the new series, and it 
is difficult to escape the conclusion that it was written as such. Pruned of its 
pretension to completeness, it becomes a useful account of the accretion theory 
of chromoi^here and corona. While the specialist reader to whom it should 
really appeal will find little that could not be reeul in a few original papers, it 
is pleasing to find developed as a coherent whole in its observational pergpeo- 
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tivo a theory whioh» if not generally aoooptod, is nevertheless original and 
Simulating. 

Among the pages is much useful information, both of oxperimontal results 
in tabular form, and thooretioal treatments of interesting problems. It leaves 
the gap in solar physics literature as wide as ever, but it does neatly fill a 
niche of its own. 

M. W. O. 


Atmospheric Turbulence. By O. G. Sutton. Methuen*s Monographs 
on Physical Subjects. [Pp. viii + 107, with 4 figures.] (London; 
Methuen A Co., Ltd., 1949. 6^. ii{3t.) 

The word turbtdence is commonly tnkc^n to eoiuiotc' an aj)parontly irregular 
tyjx3 of fiuid fiow so small in scale that its details aro efietitively beyond the 
wit of man to describe. Like Clerk Maxwell with mokn^ulos, the physicist 
regards the problem of turbulence as one to be solved by a statistical treat- 
ment, the physical consequences of a given field of turbulent flow, such as tho 
transfer of heat, matter and momentum, btnng represented by expressions 
involving mean products of eddy velocities end tho like. These expressions 
are then to be related to the properties of the moan motion and tho conditions 
at tho boundaries. There is, however, no noeossity to consider turbtilonce as 
restricted to small-scale motions. It is more fruitful perhaps to regard it as a 
technique to be applied to any sjnatem possessed of a number of modes of 
motion. Then, in the study of any particular mode, tho effects of smaller- 
scale modes are to bo allowed for by certain of their statistical properties. 
Tho laws of turbult'nco will evidently depend on the physical nature of those 
smaller-scale fiow patterns and can be expected in general to depend on 
scale. This approach would appear to bo eminently suitable in meteorology 
since the atmosphere undoubtedly possesses many modes of motion of scale 
varying from the microscopic to tho global. 

Little, however, of this attitude is to b«? found in Prof. Sutton’s monograph, 
which is concerned almost exclusively with what may bo callexl inner boimdary- 
layer turbulence, and this he deals with in mathematical detail. The choice 
is understandable, for not only is he a loader in this {larticular branch but it 
has made more progress, albeit of a rather superfioial kind, than the study of 
atmospheric tiu'bulenco generally. 

Having introduced the reader to the salient features of tmbulent flow on 
the laboratory scale and in the bottom 100 metres or so of the atmosphere, he 
proceeds to an examination of the mathematical treatments which have been 
adopted in tho study of the latter region. Empirical K (eddy viscosity) theory 
is qmckly dismissed and we are then shown the products of Prandtl’s mixing- 
length theory and of Sutton’s formulation of the Taylor correlation-function, 
that function which expresses the rate at which an eddying mass of air loses 
its identity in motion through its environment. Formulae are derived for the 
turbulent transfer of heat, matter and momentum, and for tho concentrations 
of diffusible entities firom point, line and area sources which, by adjustment of 
constants, can be brought into good aigreement with observation. The success 
is apparently considerable but it is attained without, at any stage, more than 
the slightest possible physical basis—much could bo derived from simple 
dimensional analysis, a notable exception being Taylor’s diffusion theorem. 
This is no ontioism of Prof. Sutton’s matter; it represents the present state 
of the subject. But the reviewer feels that tho severe limitaticma of the 
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treatment should have boon clearly exposed; they aro not. Tho writer 
indioatos that lattorly a more fundamental approach has been developed 
but that the new methods, applied at present to motions in the laboratory, 
are not yet able to face tho atmosphere with its complicating density gradionts 
and multiplicity of motions. 

Prof. Sutton writes very clearly and acceptably, and the book is well printed 
and indexed. When a second edition is called for, may one hope for some 
attention to bo given to tho boundary-layer turbulence over tho sea T The 
sea underlies four-fifths of the earth's atmosphere and it undoubtedly possesses 
qualitios of specifio interest. 

P. A. S. 

PHYSICS 

A Textbook on Heat. By J. H. Awoisky, M.A., B.Sc., F.lnst.P. [Pp. 
X 4- 302, with 50 figuivs.] (London, New York, Toronto : Lunginans, 
OriH'n & Co., 1949. 15#. n«'t.) 

In recent years the siihjt'ct of Heat has tende<l to bt^comc' the Cinderella in 
physios eoum'H. A large numbor of causes has contributed to this failing 
interest. Tho s|iectacular diacoveri(‘H and rapid advances in other fields 
attract such attention that in plamiing any course of a comprehensive char¬ 
acter the tim(* allottcxl to tho wcll-cHitablishod branches is liable to severely 
rc.«tricttHl. Tho author of this book in a forceful prtifaco condemns this by 
implication and claims for Heat a position as one of the thr(‘G main branches of 
physics, tho others being mechanics and electromagnetic theory, a study of 
which is basic to all true study of pliysics. 

It is not suq^rising then that tho form and content of this book differ from 
other texts. Much traditional material lias botm omitted and an attempt 
m^o to inirodiKJO tho wide range of topics embriwjed by tlie subject. Thus 
con<luction and convection of heat are treated more adoquaU'ly than is usual 
in books intended for a comimrablo class of readers. A chapter of over 
twenty pages is devotod to statistical mochanios. It is obvious that the more 
recondite^ topics tloaling with fundainontals cannot be discussed in a chapter of 
this length but the mathematics involved in the simpler dtxluotioiLS of the 
distribution laws is straightforward, and the subject may with advantage be 
introduced to students at on earlier stage than is customary. 

Although a summary of much experimental work is given, as is to be 
ox{xxsted from an experimentalist of Mr. Awbory's standing, it is disappointing 
to find no really detaikHl descriptions. Great accuracy is obtainable in 
thermal measurements, but only by meticulous attention to details, and a 
general description omits just these essentials. A detailed description of at 
least one typical experiment in each section would add considtTably to the 
value of tho lxK)k. 

The standard is unnven, but in spite of this the author has produced a 
'Useful volume which will bo welcomed by many degrw students. 

F. B. H, 


An Introduction to Molecular Spectra. By K. C. Johnson, M.A., 
D.Sc. [Pp. xiv 4- 296, with 8 plates and 161 figures.]* (London: 
Moiliuen & Co., Ltd., 1949. 40#. net.) 

Probably the best-known and most useful English introduction to Atomic 
Spectra is Dr. Johnson's excellent monograph (1946) in Methuen’s series on 
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Physical Subjects. It seems safe to predict that the larger work now under 
review will quickly establish for itself a similar place in the literature of the 
more complex subject of Molecular Spectra. Books in our language on this 
subject are still comparatively few. The Physical Society published the 
present reviewer’s Report on Band Spectra of Dwtomio Molecules in 1982, 
when the subject was in a state of rapid development both on the theoretical 
side and in the laboratory. The only comprehensive work to appear in 
English since then is the translation of Q. Herzbeig’s MolekUlapektren und 
Molehiilstruktur, in two fair-sized volumes : I on Diatomic Molecules (1939), 
and II on Infra-red and Raman Spectra of Polyatomic Molecules (1945); the 
promised volume III on Electronic Spectra of Polyatomic Molecules has not 
yet aj^pearod. All other books published in recent years dt^al oiJy with 
certain euspocts of the subject and its applications ; and this faett makes the 
appearance of Dr. Johnson’s comprehensive work all the more welcome. 

The author is well known to spoctroscopists for a notable series of experi¬ 
mental investigations of diatomic spectra, carried out by himself and Jiis 
pupils at Queen’s University, Belfast, and King’s College, London, before his 
appointment as Master of Queen’s College in the University of Melbourne. 

Within the limits of an ordinary mathematical knowledge, the book pro¬ 
vides honours graduates in physics or chemistry with a sound basis for 
further study and practical work. Results of Wavo-Mechanios are introduced 
wherever necessary, but familiarity with the use of the method is not assumed ; 
and the treatment of electronic structures of polyatomic molecules excludes 
matters involving a knowledge of Group Theory. A prior knowledge of the 
principles of atomic spectra is, of course, essential, and is assumed ; the 
author’s monograph, mentioned above, provides all that is necessary. 

A systematic treatment of the band spectra and structures of diatomic 
molecules occupies the first twelve of the fifteen chapters. Then follows one 
chapter, by far the longest in the book, on polyatomic molecules and their 
spectra. The remaining two chapters deal with Hainan spectra and with 
various important applications of molecular spectroscopy in astrophysics, 
chemistry €uid biochemistry. Numerous tables and line diagrams illustrate 
the text, and a number of well-chosen spectrograms ore excellently reproduced 
in the Plates. 

We are indebted to Dr. Johnson for a most valuable textbook, in which the 
choice cuid ordering of the material, the thoroughness and clarity of the treat¬ 
ment, and the printing and production are all admirable. In due course the 
demand for a second edition will, no doubt, provide an early opportunity for 
the correction of the few errors that have been detected—they appear to bo 
remarkably few in consideration of the intricacy of the subject and its notation; 
mention of one error may be helpful to readers : on p. 296 Zeeman ” is 
indexed as “ Woeman.” 

W. J. 

Viaoometry. By A. C. Mebrinoton, B.Sc., Ph.D., F.Inst.P. [Pp. viii -|- 
142, with 60 figures.] (London: Edward Arnold & Co., 1949. 16s. net.) 

SiNOB the publication in 1931 of Dr. Barr’s Monograph on Viscosity, the only 
book devoted entirely to the subject, many important developments have been 
made in the methods of measuring viscosity. The volume under review fills 
^ nMd often felt by research workers for a book which gives an up-to*date 
account of this important subject. 
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After an interesting historioal introduction in Chapter the author 
proceeds in Chapters II, III and IV respectively to deal with capillary vis¬ 
cometers, rotational and oscillational viscometers, and the method of the 
falling sphere. These chapters give a lucid and systematic account of most, 
if not all, the theoretical and practical developments in visoometry which have 
improvetl the accuracy of the techniques employed 6ts well as widening their 
field of application. 

Cliapter V is devoted to teclinical viscometers. The principal tjqies used 
in the oil industry in various countries are described in some detail, with the 
latest specifications, together with conversion formulae as suggested by different 
investigators, conversion tables being supplied in the appendix. An interest¬ 
ing account of a numl>er of viscometers used in other industries is also included. 

Chapter VI gives a condonstMl treatment of methods for determining the 
viscosity of gases ; whilst Chapter VII covers the miscellaneous methods of 
visoometry falling outside th(^ categories already n>fc*rrtHl to in the preceding 
chapters. Some of the methods described in Chapter VII will bo foimd suitable 
for investigations on the variation of viscosity with various applied con¬ 
ditions, and others will ho adaptable to the peculiar needs of certain industries. 

Chapter VIII is concerned with methods for very viscous materials. 

The book concludes in Chapter IX with an account of the applications to 
non-Newtonian flow. This phenomenon is treated bric'fly, and then comes an 
interesting discussion of tlie various methods for measuring anomalous vis¬ 
cosity, attention being drawn to tho special difliculties of the problem and 
how they are surmountod. 

The author’s treatment is concist^ but adequate, in most cases, to provide 
a working knowledge of tho subject. The explanations are clear, and the field 
covore<l is extensive. A comprt»ht?nsive search has lxH*n made into tho 
literature of tho subject, and tho very geiu'rous bibliographies at the end of 
each chapter would moot the roquironu'uts of tlio roador stroking further 
details of the subject matter disi^ussod. Altogether the volume can be 
recommended as extremely useful to thost^ ooncomod with tho scnence of 
viscomotry. 

Hu Pak Mi. 

High-Polymer Phyaice. A bymposiiun, edited by Howard A. Robin¬ 
son. [Pp. xiv 4- 572, with numerous figures.] (Brooklyn : Remsen 
Press Division, Chemical Publishing Co., Ino., 1948. net.) 

Htgh-foi.ymbiis are compounds consisting of giant molecules which are made 
up by linking together a great number of identical basic units. In most cases 
thf^se raol(Knilo8 have the form of long chains which may be linked up with 
each other by cross-links, thus forming compewst networks. Owing to this 
structure the physical properties of high-polymor substances are in many ways 
considerably different from those of “ ordinary ” substemoos composed of small 
molecules. The “ properties of matter ” as one finds them treated in the 
current textbooks on physics are those of substances of the latter type, because 
physicists in tho past have mainly studied the physical behaviour of bodies 
with comparatively simple molecular structures. However, a large number of 
natural ** substances like organic fibres and resins, rubber, cork, etc., which 
are widely used, are now known to be high-pol 3 niiers, and in recent years 
the chemists have produced a great variety of ** artificial ’* high-polymers, 
like artificial textile fibres, synthetic rubber and resins, various glasses and 
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so-oalled plastics/* etc., which arc used for industrial purposes on an ever- 
increasing soalo^ Thus physicists have started to study the ph 3 nsioal properties 
of high-pol 3 nnor 8 systematically, and this has already led to the establishment 
of a new branch of physics which is not only most interesting in itself but also 
promises to be of considerable importance for industry. 

The present book is a report on a symposium on High-Polymer Physios, 
held under the auspices of the American Physical Society in New York in 1946. 
It contains 23 paj^ers by 39 physicists and chemists working in this field. 
Some of the papers describe new meithods for the investigation of the molecular 
structure of high-polymors and for determining their molecular weight by 
physical method, such as the measurement of viscosity and diffusion, absorp¬ 
tion of infra-red light, scattering of X-rays and visible light. Others are 
devoted to the systematic study of the mechanical pro|X5rtios of such sub¬ 
stances as textiles, rubber, cork, etc., in which elastic and plastic features are 
combined, the thermodynamics of these systems, their thermal expansion, the 
mfiuenco of temperature on their mochanical projHjrties, and explanations of 
these phenomena on tlio basis of their molecular stnicturo. Another group of 
papers doids with the chemical physics of solutions of high-polymors and their 
dynamic properties, for example diffusion, tlionnol diffusion, viscosity and 
sedimentation and the behaviour of high-polymi'r gels. Finally, apparatus, 
specially designed for moasurtimonts of the kind, are described in detail. 

Naturally in a collection of papers of this sort the contributions are not all 
of a uniformly high standard. It is also to bo regretted that the various 
authors use different notations for tlie same quiiutitios, and that there arc no 
cross-references bt^tween papttrs dealing with the same subject. However, the 
study of this book makes fascinating reading, and it will doubtless be of great 
value as a source of reference to workers in its field. 

R. FfiBTH. 

Ions, Electrons, and Ionizing Radiations. By Jambs Arnoi^d 
Crowthbr, Sc.U., F.lnst.P. Kiglith edition. [Pp. x -f 322, with 123 
figures, including 7 plaU\s.] (London : Edward Arnold & Co., 1949. 
21^. not.) 

That a book on this rapidly changing subjwt slioiikl liav'(* reached thc^ eighth 
edition thirty years after first publication is a tribute to author and publisher. 
Surely the great majority of physicists now active have used the book as 
students or teachers (or lx)th), and will know that it givers a so\md, unpreten¬ 
tious but very readable introduction to wluit is somotitnes called “ atomic 
physics.*^ With the new revisions and additions the eighth edition can bo 
recommended to a now generation of students as a good first text on the 
subject. The cliangos include a new chapter on Nuclear Energy and sub¬ 
stantial mvisions of several others. Just a few things have escaf>od Prof. 
Crowther*s vigilant eyo. Some of his values for the fundamental constants 
differ slightly from those rooently collected by R. T. Birgo (Phye. Soc, Bep. 
Progr. Phys,, 7, 90, 1942). Some of tho experimental methods and results 
described in Cliapter VIII (Emission of Electricity by Hot Bodies) are out of 
date and miglit well be revised, and to a loss extent the same remarks apply 
to Chapter IX on photoelectricity. The “ mesotron *’ has now been re- 
ohristened '' meson.** These are, however, minor oritioisms, and we hope that 
Prof. Crowther is now preparing a ninth edition, and will add titles of recent 
books and review papers to the helpful lists at the ends of the chapters. It 
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might also be possible to find space for a note on the exciting developments in 
the \ise of photographic plate methods of studying nuclear disintegrations. 

F. A. V. 


Introduction to Atomic Physics. By 8 . Tolansky, Ph.D.» D.I.C., 
D.So. Third edition. [Pp. xii 4- 371, with 6 plates and 116 figures.] 
(London, Now York, Toronto: Longmans, Green & Co., 1949. 
15s. net.) 

This third edition has boon brought up to date by adding new chapters on 
nuclear physics and by revising tht^ chapter on cosmic rays. As in previous 
CMlitions, tho book opens with an account of eloctricity in gases, cathodo rays, 
{)Ositivo rays and tho mass spectrograph. Following this, chapters are 
devoted to Quantum Theory, Thermionic Emission, Photoelectricity, Atomic 
Sjxxstra, X-rays, Crystals, Wav<^ Meehanics and Electron Collisions in Gases. 
The last 160 pages of tho book are devoted to Radioactivity, Nuclear Physics 
and Cosmic Rays, with a final cliapter on Relativity. 8ome of the errors of 
the previous editions have not btvm corrtjcted : for example, tho diagram 
of a cascade shower on p. 296 is still misleiuliiig as it suggests the abnorp- 
tion of an eksctroii by a nucleus when radiation is productHi instead of a 
“ brtmisstrahlung ” oftect. 

W. E. Duhoanson. 

The Theory of Atomic Collisions. By N. F. Mott and H. 8 . W. 
Massky. Second (Million. InU'mational Series of Monographs on 
Pliysics. fPp. xvi 4 3S8, with 69 figures.] (Oxford : at the Clarendon 
Press, 1949. 36,9. net.) 

The pattern of this fk'oond edition follows closely that of the first, containing 
chapters on scattering by various tyjH's of central forces ; relativistic wave 
(upiations and electron spin ; discussion of tlio Bom approximation and other 
relevant approximate nu'thods ; a vc'ry ust'ful troatm(*nt of the general theory 
of atomic eoilisions ending with a summary of the available methods and tlieir 
limit of applicability ; elastic scattiTing of both fast and slow electrons ; 
inelastic collisions ; eoilisions between massive parti(d(*R ; and relativistic two 
l>ody probhans. The majority of tbi‘S(’ chaptem have be(*n altered to bring 
the book abreast with the najre rc'cent doveloianents. On tho whole, the 
basic methods are still tlu* same, but the chapter on nuclear collisions has been 
rewritU'n to bring it up to date with tlu» largo amount of recent work on tho 
subject. A very useful account is givim of tho application of tho metis k 1 of 
the collision complex to nuclear collisions. Although one caimot exf>oct in 
such a book an exhaustive account of this subject, a new chapt,er is added 
which gives, in concise form, the rev^uHs of mucli of the recent work, both 
tlieoretical and (*x|X3rimc‘ntal, ranging from tho scattering of nucloons by 
nucleons to the magnetic scattering of slow ntmlrons. This edition, in content 
and production, maintains the high stfwidard of tho first edition. 

W. E. Duncanson. 

Excited States of Nuclei. By 8. Devons, Ph.D.‘ Cambridge Mono¬ 
graphs on Physics. [Pp. x -f 162, with 27 figures.] (Cambridge : 
at tho University Prc'ss, 1949. 12«. 6d. net.) 

The Cambridgo Monograjihs on Physics, of which this is one of tho first titles, 
are intended to carry on, broadly, the aims of the pre-war Cambridgo Physical 
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Ttaota. The present-day difiioulties of produotion are recognised in so far as 
the intention of frequent revision, which was pUmnod to be a feature of the 
tracts, is abandoned, and the individucd volumes of the present series are 
accordingly to bo rather more comprehensive in scope. 

In Excited States of Nuclei^ Prof. Devons has set a brilliant standard which 
the series will indeed do well to maintain. To the specialist in this field the 
book is clearly indispensable, but it will also appeal strongly to the much 
larger body of physicists, with a broad knowledge of the experimental data 
on nuclear disintegration, of the main theoretical approaches to a nuclear 
model and of the usual quantum mechanical forms of interaction cross-sections, 
who have not been under the necessity of orientating their knowledge towards 
this topic. For these, the essentially “ horizontal ** organisation of a Mono¬ 
graph offers a most stimulating and fruitful viewpoint. 

After a short introductory chapter, the scope of accessible material is 
treated phenomologically in three chapters on “ Excitation of Bound States,” 
which includes a most interesting section on /9-decay, ” Excitation of Virtual 
States,” including a brief comparative survey of slow neutron techniques, and 
” Radiative Transitions.” In a final chapter the main theoretical approaches 
are surveyed. All of these chapters are characterised by a clarity of expres¬ 
sion which has made {x>ssible that extreme condensation of material whicli is 
essential when so large a subject is treated in a volume of this size. There is 
room for regret, however, that space has not boon found at the beginning of 
the final chapter for a brief survey of the grotmd covered by present experi¬ 
mental results. Prof. Devons considers the obvious drawbacks of attempting 
such a survey to outweigh its possible advantages, but it is precisely the 
less-specialised reader who feels the need for a r68um6 of the scope and nature 
of the data given in the earlier chapters, and against a survey of this kind 
the arguments do not seem compelling. 

J. G. Wilson. 

Radioactive Measurements with Nuclear Emxilsions. ByHoBMAN 
. Yagoda. [Pp. ix -f 356, with 76 figures.] (New York : John Wiley 
Sc Sons Inc.; London : Chapman & Hall, Ltd., 1040. 40s. net.) 

Photographic plates for recording tracks of nuclear particles have been 
evolved recently as a tool for their detection tH^ual in importance to cloud 
chambers and electronic counters. The applications of these plat.6s in nuclear 
and cosmic ray physics ai*e now widely known, but their potentialities in other 
fields have not been fully realised. Yagoda*s book provides the fundamental 
knowledge required for the use of such photographic materials in recording 
the distribution of radioactive substances in rocks and minerals and of tracers 
in metals and biological specimens. Those records may be of two typos. In 
one a photograph of the specimen is produced which reveals the location of the 
sources of radioactivity. In the other the particles emitted by the radioactive 
material produce recognisable tracks in the photographic layer. The first 
may be called an autoradiograph and the latter a track radiograph. 

Detailed techniqvies of applications of autoradiography are described in the 
fidd of metallurgy, petrography, mineralogy, radiochemistry and biology. 
Although the manipulations required for each problem differ considerably the 
author provides the reader with the basic knowledge required, dealing with the 
pr^>aration of specimens, the different response of photographic emulsions to 
alpha particles, electrons, protons, gamma rays, etc., the possible artifacts. 
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the problem of resolution and other topics. Some of the information presented 
on photographic materials, although it may be applicable for those used by 
the author, may not necessarily apply to other types. 

The chapter on nuclear and cosmic ray physics is not written for the expert 
and could be dispensed with in its present form. The worker interested in 
autoradiography might find it more useful if increased emphasis were given to 
the potentialities of the new track recording materials as such, rather than to 
be made familiar with results achieved in nuclear and cosmic ray physics. 
The book does not contain a groat deal of information on biological applica¬ 
tions and it is to be hoped this field of inti»nsivo research will be described in 
much greater detail in a new edition. The book is already partly out of date, 
through no fault of the author, sinc’e the very recent developments in the 
recording of high-energy electrons will provide an entirely new field for future 
applications of the method. To improve the book for refi^rence it is suggested 
that in the next edition tlie contents bo arranged more logic^ally and that the 
index be improved. More details in the “ contents list ” would also be an 
advantage. 

The comprehensive bibliography in the Apj)endix is very valuable to all 
workers in the field of autoradiography, to whom the lM)ok in its woU- 
presenUnl form is warmly recomnv‘Tided, in spite of the blemishes mentioned 
above. 

R. H. Herz. 


Handbook of Industrial Radiology. By Members r)f the Industrial 
Radiology Group of the Institute of Physios. Edited by .1. A. 
Crowthkr, M.A., Se.p., F.Iiist.P. Second edition. [Pp. viii f 218, 
with 109 figures.] (Ixmdon : Edward Arnold & Co., 1949. 21s. not.) 

It is rare to find a really successful book produced by a coxnmittee ; the 
maintenance of luiiform standards, the avoidance of overlapping and of gaps, 
and the pro<luction of continuity are problems that even the most able editor 
must find difficult to solve. Judged against this background, the present 
volume must be considered a particularly successful example of co-operation. 
The various chapters link well together and, although some are more lucid and 
readable than others, each is obviously the work of an expert in his field. The 
only jarring note is the frc'quent use of imnecessary jargon, exemplified by the 
words “ diaphragmed ” and ‘‘ packaged ” ; however convenient such words 
may be in practice, they should not be allowed to appear in print. 

The chapters follow a logical sequence : physical principles, X-ray equip¬ 
ment and accessories, photographic matt'rials, X-radiography of heavy and 
light motais, gamma radiography, some unclassifiable applications—an enter¬ 
taining chapter, this—and X*ray protection. These chapters cover the 
ground very well and it is difficult to detect any important omissions. The 
sections on physical principles, photographic materials, and X-ray protec¬ 
tion may well ^ read by those whose interests lie in other fields of the use of 
X-rays. 

In short, this work is one that no radiographer should neglect. To the 
beginner, especially, its store of accumulated knowledge and experience should 
prove invaluable. The Institute of Physics can be congratulated on the part 
it has played in causing the work to bo product‘d. 


H. L- 
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A Second Course of Electricity. By A. E. E. MoKisnzze> M.A. 
[Pp. viii f 357, with 327 figures and 14 portraits.] (Cambridge: 
at the University Press, 1949. 12s. fid.) 

This is a well-written book in which the author sots out to provide a sub¬ 
stantial basis for the work done at the Higher School Certificate and Scholar¬ 
ship levels in schools. In sequence it follows that of other books of a similar 
standard and gives a wide scope of subject matter, attractively presented, 
with here and there short biographies and portraits of scientific worthies. 
Units and quantities are systematically floflned, and throughout the symbols 
used arc those recommended by the Committee for Co-ordination and Guidance 
in Pliysics Teaching (although i is used for current in amperes). 

Adequate mathematical treatment is given, although the author has 
sought to provide wherever possible a simpler presentation, aimed at circum¬ 
venting the more rigorous mathematical detail and relying rather on the 
fundamental physical concepts. Thus Gauss’s theorem is not mentioned in 
electrostatics, although much of the work here normally dealt with by this 
means is otherwise adequately presented. The Cavendish-Maxwell proof of 
the inverse square law, however, might well have boon more fully argued, and 
some account of the theory of the quadrant electrometer could have been 
included in the text. 

The work in Magnetism is competently sot out, and the material in the 
Electricity section has been most oarofully prepared and ordered. An intro¬ 
ductory account of the M.K.H. system of units is ineludtHi, and, in addition 
to a chapter on Alternating Ciu’rent, there are several chapters dealing with 
modem developments and aspects of Physics—all done in a most admirable 
manner. 

There are a number of worked examples provided in the text, together 
with collections of examination questions at the tmd of each chapter. If the 
book has a fault it is that experimental detail is tliroughout somewhat sjmrse, 
but there is much here of value, and Physics masters and students alike will 
find this a most helpful publication. 

F. Tylkb. 

The Fundamentals of Electromagnetism. By E. G. Cullwiok. 
Second edition. (Pp. xxxi 327, with 139 rigim*s.] (Gambridge : 
at the University Press, 1949. 18«. net.) 

Prof. Cullwick’s book has five main thesf's : ( 1 ) to abolish the use of the 
concept of magnetic polo as a basis of theoretical treatment; (2) to stri^ the 
physical unreality of electric ojul magnetic fields ; (3) to discuss two distinct 
methods of calculating e.m.f. due to electromagnetic induction ; (4) to advocate 
the use of vector potential in treating wave theory, and (5) to reoommend 
the adoption of the metre-kilogram-second (M.K.S.) systc^m of units, including 
Giorgi's value 10*“^ for the permeability {fi^) of free space. 

It is clear that their acceptance would involve radical changes in the 
teachmg of the subject of electricity and magnetism, and the formulation of 
definitions and quantitative relationsliips. The reader will perhaps be sur¬ 
prised to learn that the author retains the conception of lines of force, and the 
usual quantities electric field-strength (fi), electric displacement (D), magnetic 
fiux-dcnsity (B) and magnetic field-strength (H). The treatment of electric 
field is ortliodox, since the physical reality of electric charge is accepted as 
firmly established. But in view of the rejection of magnetic polo, as being 
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fiotitiou8» how are B and H defined 7 Magnetic flux is introduced (but without 
definition) on p. 73, then on p. 77 appears a preliminary statement that 
magnetic flux is a distributed vector quantity such that when the magnitude 
of this quantity linking a closed path is changed, an e.m.f. (and consequently 
electric field) appears roiuid that path,*' ampliflod on p. 88 into a definition of 
unit flux as that flux which, linking a circuit of one turn, induces unit o.m.f. 
when it collapses to zero at a imiform rate in unit time.” Much later (on 
p. 161) follows the definition of magnetic field-strength, H, as ” the gradient of 
magneto-motive force (m .m.f.).” To the present reviewer these definitions seem 
far from an improvement on those usually used, depending on the euloption of 
\mit magnetic pole. But opinions differ, and the reedier will, we hope, obtain 
a copy and form his own conclusions. The proper sequel to a book like this 
of Prof. Cullwick’s, and the test of its value, would be the appearance of an 
elementary textbook implementing these or similar proposals. 

Mention should be made of some intriguing examples (pp. 109 eeq,) of 
induced e.m.f. without change of flux linkage, or without flux-cutting ; and 
of the author's preference (in the last chapter, V) for the use of vector potential 
when dealing with the subject of electric waves, thereby eliminating magnetic 
field from cabulations. 

D. O. 


Hadio-Frequency Heating. By L. Hartshorn, D.So., A.M.I.E.E., 
A.R.C.S, D.I.e. [Pp. 237, with 102 figures.] (London : GkK)rge 
Allen & Unwin, Ltd., 1949. 21s. net.) 

This book deals with both induction and dielectric heating in a straight¬ 
forward way which will interest those who have occasion to apply these 
comparatively now metliods to particular industrial processes. 

In describing generators the author confines his attention almost entirely 
to valve oscillators. Some simple circuits are described and the fundamental 
voltage and power rr^lations are given. Many points of practical importance 
such as the protection of circuit components, the protection of operators from 
shocks and h.f. biuns, and the use of screens and filters to reduce radio inter¬ 
ference are mentioned. More attention could have been given to motor 
alternators and spark gap oscillators, which operate at frequencies which 
the author has included in the radio frequency heating range, and which are 
used for some of the applications doscril>ed in the book. The section dealing 
with output circuits could also have boon expanded to include details of load 
“ matching,'' which are of more importance to the user than a knowledge of 
the causes and methods of suppressing parasitic oscillations. 

The approximate theoretical power relations which apply in induction 
heating are derived simply and the design of coils and concentrators is de¬ 
scribed. Some of the information given in Table II, however, is outside the 
range of practical usefulness. 

Many practical applications of induction heating, including melting, 
annealing, soldering and brazing and surface hardening are described. The 
author lias tended to underestimate some of the practical problems, s.g. in 
describing quenching. 

The theory of dielectric heating is given and the mechanism of the process 
is explained. A separate chapter deals with several industrial applications, 
and some of the practical difficulties, such as those due to standing waves, aro 
explained and solutions given. 

AA 
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A final chapter givee the approximate cost of generators and an account 
of the history of the subject. 

Much useful information on the electrical properties of dielectric materials 
is tabulated* the bibliography is extensive and there are mcmy iUustrations. 
Some of the figures* however* illustrate principles rather than modem practice. 

R. S. 


Induatrial High Fraquency Electric Power. By E. May, B.Sc., 

A. C.O.I.* M.I.E.E. [Pp. xii + 355, with 208 figures.] (London : 
Chapman & Hall* Ltd., 1949. 32s. net.) 

It is difficult to decide for what readers this book is intended. That so much 
space is devoted to the elementary theory of a.c. circuit analysis and of the 
triode valve suggests that the book is an introduction to the subject for the 
beginner. The chapters on Arc Oscillators* H.F. Alternators, and Valve 
Oscillators* on the other hand* are so stocked with fonnulsB and charts that the 
beginner might readily assume they were intended for the equipment designer. 
In spite of this appearance* the chapters seldom provide enough informa¬ 
tion for more than very rough and iincritical design; the designer would 
undoubtedly look elsewhere for guidance. The chapters on Induction and 
Dielectric Heating provide a fairly wide survey of the industrial uses of high 
frequency power* though they are 8]X)iled by the inclusion of misplaced design 
information. A chapter on Applications cmd Operating Problems includes a 
very miscellaneous collection of matters that have somehow failed to find a 
place in the previous chapters. Among them are lists of installation and 
maintenance advice that would be provided in much more useful form by the 
equipment manufacturers : one does not buy a book of this kind, for example* 
to bo told (p. 331) that adequate drains must be provided* or (p. 320) that tho 
bolts must be tightened once a month. 

In summary* the book provides a large mass of information, some important, 
and some quite trivial, about all aspects of H.F. heating, but the treatment is 
unco-ordinated and unselective. 

H. Marbiott. 

Lighting Technique. By B. F. Fboobov. Translated by W. R. Stokbb, 

B. Sc.(Eng.), A.M.I.E.E., with additional sections by W. T. 0*Dica, 
B.Sc.* A.M.I.E.E. [Pp. 299, with 128 figures.] (London : Hutchin¬ 
son’s Scientific and Technical Publications* 1949. 26a. net.) 

In attempting to cover a very wide field, from fundamental concepts to the 
design of equipment and installavions, considerable selection and compression 
had to be made ; tho practice has suffered more than the theory. Tho trans¬ 
lation is readable, although there are some inaccuracies and many of the terms 
used are not familiar in this country. Much of the data given refer to practice 
in the U.S.S.R. Tho treatment is essentially mathematical* but should not 
bo outside the ability of the trained engineer. 

Tho adoption of luminous fiux instead of candlepower as the basic concept 
is sound for the engineer, although the unit is based on lees well-established 
photometric data. The structure of the eye and phenomena of vision are 
adequately covered. The sections on light measurement* lighting fittings and 
illuinination calculations are all hotter on the theory than on practice. The 
theory of electric lamps and the features to be considered in lighting instal¬ 
lations are weU reviewed, but tabulated recommendations and data on 
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prcu)tical lamps refer mainly to specifications in the U.S.S.R. Street lighting 
is based on minimum illumination requirements, more in line with American 
than modem British views, and the road surface brightness technique is not 
mentioned. A.R.P. lighting is discussed on a rather theoretical basis. A 
largo number of exercises and a few laboratory experiments are included. 

The principal features of tubular fluorescent lam{)s are well covered in the 
additional sections ; fittings and installations are dealt with only briefly, but 
the economics of fluorescent lighting an:) discussed. 

• The title of this book may be misleading, os the book does not deal with 
the tcxjhnicjue of lighting practice as usual in this country ; however, it can bo 
read with advantage by anyone seeking knowledge of the theory of light 
production, measuroinont and utilisation, €>r of practice in the* U.S.S.K. 

. S. S. Bkuqs. 

Radio Engineering. Vol. II. By E. K. Sandeman, Ph.D., B.Sc., 
A.C.O.l., M.I.K.E. [Pp. xxii f 679, with 192 figun^.] (London : 
Chapman & Hall, Ltd., 1949. 40^i. net.) 

This volume includes chapters on interference and noise, radio receivers, 
measuring equipment, feedback, network theory (using matrices) and filti^rs, 
followeil by nine apinnidices, some of them lengthy. Therr^ is a viscful biblio¬ 
graphy of 1200 olassidod references, but the classification is rafhtT haphazard. 
For example, there is a section on “ amplifiers—wide range ** near the Is^gin- 
ning and a section “ wide band amplifiers near the c»iid, with no cross- 
r<*ferenees. Thert^ are separalt* sections on ‘‘ the ionosphens’' “ propagation ” 
and “skip dist»ance ” with no eross-refeienees. 

Some of the chapters, sucli as that on measuring oquijimerit, collect 
together much useful information which has previously l)een scattered. As 
in the first volume,♦ the emphasis is on H.H.O. methods, but iliere is less matter 
of merely piissing intt'rest. There are some gaiw in the prt'sentalion of the 
subject, there being no information on microphon(*s, loud-speakt'rs or radio 
propagation, and the treatment of tu'riul arrays is slight compan'd witli that 
of other subjects. Dircxjtion finding has a place in the chapter on iuterfen'iiee. 

The two volumes together give a wealth of information on various aspects 
of tek'comniunications, presc'iited in an original and interesting way by one 
who is in close touch with practice. The st^ond volumi*, lik(' the first, is 
well-producod, with a large niunbor of clear and practical diagrams. 

(I R. S. 

Aerials for Metre and Decimetre Wave-lengths. By R. A. Smith, 
M.A., Ph.D., A.M.l.E.E. [Pp. xii 4- 218, with 126 figures,] (Cam¬ 
bridge : at the University Press, 1949. 18«. net.) 

This book, which is the latest addition to that excellent series of monographs 
Inking produced imdor the general oditorsliip of Mr. J. A. Ratcliffo, concerns 
particularly aerial systems for operation within the band of wavelengths from 
12 metres to 10 cm. 

The author introduces his subject with a statement of the fundamental 
laws governing radiation from a Hertzian dipolo and then proceeds to build up 
a comprehensive treatment of practical arrangements. He shows very clearly 
how far the sinusoidal theory of current distribution in a linear aerial can be 


♦ Reviewed in Science Prourbss, Vol. 36, p. 746, Oct. 1948. 




SOIENOE PROOEESS 


372 

applied with reasonable accuracy and points with unmistakable emphasis to 
the different basis of calculation which is necessary in dealing with self- 
impedance or with radiators many wavelengths long. All this forms an 
admirable approach to the subjcxst, colourod perhaps a little by the kind of 
treatment more familiar to the physicist than to the engineer. Having 
established principles, the author develops his theme with logical simplicity. 
Following a discussion of reflectors and directors ho considers in turn normal 
types of transmitting and receiving aerials, long wire aerials, broadside arrays, 
Yagi aerials, aircraft aerials, wido-band aerials, slot aerials, aerials for dedf- 
metro wavelengths and Anally noise in aerials. The survey includes a number 
of matters not generally introduced into a book of this kind and there are some 
valuable records of experimental information published for the first time. 
This applies especially to the sections dealing with slot aerials and suppressed 
aircraft aerials. 

There is, however, one feature of the book which tends to bo confusing. 
This is the somewhat arbitrary use of symbols. Thus in the early pages r and x 
are employed respectively to represent resistance and reactance. Later on 
p. 13 tliese quantities become respectively x and y, symbols which in Chapter 7 
both assumo the signiflcanco of pure reactances. To odd to the confusion x 
also frequently appears as a length in the usual way. Another example of 
the same thing is in the letter R which represents a distance in one plstce and 
a resistance in another. One is driven to the conclusion that there is no 
systematic plan in the allocation of symbols and sometimes little regard for 
customary usage in this matter. 

In spite of that shortcoming there can be no doubt alx>ut the general 
cpiality of the book or its value to those wishing to study aerial systems of the 
kind disettssod. The author clearly has a deep imderstanding of his subjetd 
and he presents it in a way that con only come from excf'ptional knowledge 
and experience in this field. The book is well illusirati'd and the usual high 
standard of the publishers is fully maintained. 

H. M. Haklow. 

Tables Az^otropiques, Vol. 1: Azeotropes binaires orthobares. 

By Maurice Lecat. Second edition. [Pp. xvi -j* 406.] (Uccle- 

Bruxelles: Chez TAuteur, 1949. Belgian Frs. 1000.) 

This volume is a much-extended version of the compilation of boiling-point 
characteristics first published by the author thirty years ago. Over thirteen 
thousand pairs of components are listed in systematic fashion, the principal 
grouping being according to functional (organic) typo, those ty 2 >es being 
taken in alphabetical order. Thus group 61 consists of alcohols-hydro- 
carl)ons, and its second table refers to ethanol and some two dozen hydro¬ 
carbons, the latter arranged in order of increasing boiling-point. The tables 
show the normal boiling-point of the second component B : the interval 
between it and that of A : the boiling-point of the azeotrope : the interval 
between the latter and the boiling-point of B : the weight per cent, of A in 
the azeotrope : an indication of the miscibility relations in the mixture : 
and references. Further information, such as the density of the azeotrope, 
the influence of pressure on its composition, etc., is given in footnotes to 
the tables. 

A vast mass of valuable data, a great proportion of it determined by the 
author and his collaborators over a period of forty years, is thus made avail- 
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able in readily usable form. The work, whoso sigfiiOcant place in laboratory 
and industrial operations with organic solvents noeds no emphasis, is likely 
to form a standard source of reference for many years. Although uncut and 
paper-backed, it is excellently printed and has very complete indexes and 
tables of contents, besides an adequate explanatory introduction. A similar 
compilation for threo-componeni systems is in preparation. 

M. M. P. 

Supersonio Flow and Shock Waves. By R. Couuant and K. O. 
Fbiedbichs. Pure and Applied Mathematics, Vol. I. [Pp. xvi f 
464, with 210 figures.] (New York and London: Interscienco 
Publishers, Inc., 1948. 56^. net.) 

The rapid development of gas dynamics is a remarkable instance of the 
stimulation afforded by mlation to practical possibilities. Many mathemati¬ 
cians who would otherwise have confined their activit ies to research in abstract 
mathematics have made great contributions. Imi)ortant as this situation 
is for the mtjchanics of supf^rsonic flight, it is no loss imjx)rtant on purely 
Hoientifio groimds. This is Ikh^auso much of the analysis involved in gas 
dynamics is of the non-linoar typo. Successftil applications of mathematics 
to non-linear probl(3ms have bcc^n very limited, but it is essential to extend the 
scope of non-linear thec^ry in order to tackle many very imjx)rtant subjects 
such as plasticity, relaxation phenomena and the like. Thc^ very substantial 
addition to non-linear techniques afforded by mo<iern gas dynamics is 
therefore most useful. 

The present book will surely bo a classic, representing as it docs the joint 
work of two masters of the subject. In such a case it is an advantage that the 
book carries the flavour of the authors’ personal approach to the problems 
dealt with. The style tliroughout is elogant though severe. A reader versf^d 
in the notation and subject-matter of Lamb’s Hydrodynamics would find it 
difllcult to realise that this also is a book on a branoh of tho same subject: 
its notation and presentation of tho subject-matter is so very different. So 
much so, indeed, that it is hard going for one who, while not contemplating 
research in gas dynamics, wishes to obtain a general idea of the method of 
treatment and the nature of and reasons for the results arrived at. For tho 
really serious student, however, tho book will be invaluable. 

The first chapter summarises tho hydrodynamical and thermodynamical 
equations nocc388ary for the discussion of the flow of waves, while the stKJond 
chapter is on excellent account of the mathematical theory of the hyperbolic 
differential equations which occur in the description of the flow. The third 
chapter deals with one-dimensional flow. Most of tliis chapter is concerned 
with tho discussion of shock waves, one of the most important aspects of tho 
subject. Tho remaining chapters deal successively witli isentropic, i rrotational 
steady plane flow, flow in nozzles and jets, and flow in three dimensions. 

The book is attractively printed with formulas well displayed. 

H. S. W. M. 

Computation Curves lor Compreeeible Fluid Problem*. By 

C. L. Daioby and F. C. Wood. [Pp. x -f 33, with 32 figures.] Now 
York : John Wiley & Sons, Inc.; London : Chapman & Hall, Ltd., 
1949. 16a. net.) 

The purpose of this collection of charts is to present graphically the numerical 
relationships which obtain in a number of cases of the flow of air at high 
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speeds. Some of the oases now oommonly met in engineering applications 
are covered, namely the relationships arising from the energy equation and 
those applying in flows involving plain oblique shock waves, PrandthMeyer 
expansion, and conical shock waves. The charts cover flows at Mach 
Numbers up to 4*0. 

The volume contains thirty-two charts, grouped in three sections, which 
arc separattyl by finger index sheets for easy reference. The printing of the 
charts is not above criticism ; in a number of cases, the graticule used is 
sucli os to “ glare ** in the eye of the user, and in places symbols and figures 
are not easy to recwl owing to interference between them and the lines of the 
graticule, which are not interrupted for overprinting. Some of the data 
might i^erhaps bo bt'ttor presented in tabular form. Whilst the paper used 
is of fairly good quality, it is unlikely that the charts would long withstand 
repeated use, particularly as the method used to retain them within the cover 
is such that it is to bo expected that they will easily bo tom out. 

The accuracy which can bo attained in using the charts is likely to be 
sufficient for most engineering applications. 

The charts are prfxjcdod by a thirty-thrive page section in which the 
theoretical relationships upon which tlu'y are based aro dorive<l, and the 
assumptions and limitations upon which they rest are stated. Whilst there 
is no new fun<lamental matter in this section, it is a compact and well-written 
ex])OHition of the theoiy of the flows with which the charts are concerned. 

The vnliw* of the ratio of the specific heats of air used in two of the sets of 
charts is 1*400, whilst 1*405 is us^*d for the conical shock case ; the former 
value is generally accepted os the more correct, and it is not clear why 1*405 
is used in one section. The errors involved in its use, however, will not bo 

importance in applications of the kind for which the charts are intended. 

The eollf'ction is likely to bo useful to those engaged in design or experi¬ 
mental work involving the flow of air at high speeds, and, though the presenta¬ 
tion is open to criticism in some ways, the volume con lie recommended as 
fulhlling a net^l. 

A. A. Hall. 


Gas Tables : Thermodynamic Properties of Air, Products oi 
Comhustion and Comx>onent Gases, and Compressible Flow 
Functions. By Joseph H. Keenan and Joseph Kave. t^p. x 4- 238, 
witli 6 figures and 04 tables.] (New York : John Wiley A Sons, Inc. ; 
Txindon : Chapman A Hail, Ltd., 1948. 4()s. net.) 

Tt is but a few years ago that steam engines were designed without any 
roforcncM' to thermodynamics. The advent of the steam tiubine, however, 
made' a study of thermodynamics essential, and a natural corollary to this 
was a demand for reliable steam tables. 

Recent developments have called for rather similar tables giving tho 
pro|x^rties of gases. Tho original edition of this text appeared in 1946 imder 
tho title of Thermodipiamic Properties of Air, The new volume oomprisos 
some 04 tables. Very complete information is given of the standard gases, 
air, nitrogen, oxygen, etc., at low pressures and for the products of combustion 
of air and hydrocarbons. These tables have direct application in many 
modem problems, notably that of the gas turbine, and any means of reducing 
the time taken in analysing tho thermodynamic cycle of such a machine is 
obviously worth while. 
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Another group of tables assists in the rapid oalculation of polytropic 
processes and steady flow through nozzles and diffusers. 

Other tables relate to one-dimensional isentropio compressible flow, 
normal shock functions and particulars for Rayleigh and Fanno lines. 

Some 22 pages at the end of the book are devoted to a full expUmation 
of the tables. The value of the work is considerably enhanced by the inclusion 
of numerical caloulatiions showing exactly how the data are to be employed. 
Many of the tables are reprinted from official reports, such as The Mechanics 
of Steady One-Dimensional Oaa Fhw, which are not available to all readers. 
The corresponding theory has boon published in the Journal of Applied 
Mechanics^ to which full roforences are given. 

Prof. Keenan has already proved himself to bo the ideal author of such 
a work, for he is a recognised authority on the Properties of Steam. His 
co-author is also on the staff of the Massachusetts Institute of Technology, 
and one fools complete (jonfidenoe in two such writers. 

The whole volume is thoroughly workmanlike, and is as necessary to 
the internal combustion onginnor as stt^am tabh^s are to the Bt<^am 
engineer. 

B. J. Llovd-Evans. 

An Introduction to the Gas Turbine. By D. G. Subphbud, B.Sc., 
A.M.I.M(M5 h.E. [Pp. xii f- 3K7, with 174 figures, including 6 plates.] 
(Loudon : Constable & Co., Ltd., 1949. 24s. net.) 

In the literature on the gas turbine there has boon, until now, a marked gap 
between books of a descriptive nature and papers written by specialists. 
Prof. Shepherd, having had contact with both the research and manufacturing 
asixHjts of the turbine, is clearly in an ideal position to write the present text, 
in which he has stecrwl a middle course. By presenting an introduction 
to the subject from the designer’s point of view, ho has done a great service 
to student and engineer alike. 

ChapU^r 1 gives a concise digest of the relevant thermodynamics, except 
perhaps the 8<M3tion on polytropic efficiency, in which the meaning of adiabatic 
efficiency could be made clearer. The next chapter covers the general 
problem of the flow of gases. On p. 33 there is a defimtion of inertia which 
savours of momentum rather than inertia. One only of the various theories 
of the action of blading, namely the vorU*x, is given. Possibly this is merely 
following common practice. 

Varitjus cycles are next described and w^voral graplis are given to show 
the effect of giis ten\porature on sjiecific power, also the effect of intorcooling 
and heat exchange. No mention is madt) here, however, of the effect of 
hydraulic friction in the exchanger, which may reduce the pressure ratio at 
which the heat exchanger ceases to bo <*ffective for a given maximum gats 
temperature. 

The characteristics of compressors and the tiu'bine proper, as developed 
at the K.A.E., are amply discussed in Chapters IV and V, and in the latter 
the all-important question of blodt^ strength is handled. 

Under the hc^ading of combustion there is an excellent discourse on fuels, 
from both physical and chemical aspects, combustion chamber performance 
and flame phenomena. The chapter on heat exchange describes various 
tube arrangements and the transfer is adequately discussed from both the 
mathematical emd practical |>oints of view. 
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The laat three chapters give an account of existing plants* development 
and test equipment. 

Not the least valuable part of the text is the bibliography and the calcula¬ 
tions for a complete cycle which are given in an appendix. Here the friction 
in the exchanger is taken into account. 

There is no doubt whatever as to the general value of the book; it forms 
a first-class introduction to the subject. 

B. J. Lloyd-Evans. 

Elements of Mechancial Vibration. By C. R. Frebero and Emoey N. 
Kbbcler. Second edition. [Pp. xiv -f 227, with 179 figures.] (New 
York : John Wiley Sc Sons, Inc. ; London : Chapman Sc Hall, Ltd., 
1949. 30s. net.) 

Okb of the main features of the so-called progress in engineering during the 
past fifty years has been a vast increase in the rotational speed of machines. 
There have been many attendant troubles, notably vibration. This is not 
only dangerous, as it may cause failure of material by fatigue, but it is always 
liable to affect human comfort, either by direct shaking or by the production 
of excessive noise. 

The authors of the book under review are obviously masters of their 
subject. Not only do they present the material in a logical and readable 
form, but they have made this second edition of special interest by including 
a chapter on sound. The particular selection of worked examples and 
questions with solutions shows that they realise just what is required by a 
young engineer to bring homo to him the full meaning of the theory. What¬ 
ever the source of the oscillations, he should have sufiicient grasp of his 
subject to know how to reduce their ill-effects to a negligible amount. 

The first three chapters cover the simple theory of vibrations without 
and with damping, also the action of forced vibrations with marked and small 
amounts of damping. Chapter IV discusses vibrations of systems with 
several degrees of freedom emd introduces the tabular or Holzer method of 
solution, one commonly used in design offices. 

Various methods of isolating and absorbing vibrations are given in 
Chapter V, while the next chapter explains the reduction of a complicated 
to an equivalent simple system which is more suited to calculation. 

This is followed by a discussion of the vibration of beams—a further 
Addition to the earlier edition. Unfortunately, no mention is made of the 
fact that Rayleigh's method is only applicable to the fundamental mode of 
vibration and not to harmonic modes. 

As mentioned earlier, the authors have included a chapter on sound, 
its measurement, transmission and absorption. 

The mobility method is a powerful tool for the solution of the more 
complicated vibrating systems, and Chapter IX provides an excellent intro¬ 
duction to this subject. Finally, there is a discussion of mechanical and 
electrical models of vibrating systems. The bibliography, although full, is 
drawn almost completely from American sources. 

QThe practical side is kept to the forefront throughout, and the book 
provides an excellent elementary treatment of mechanical vibrations. 

B. J. Lloyd-Evaks. 
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Engineering Laminates. Edited by Albert G. H. Diet?., Sc.D. [Pp. 
viii -f- 797, with 331 figures.] (New York: John Wiley & Sons, 
Inc.; London : Chapman & Hall, Ltd., 1049. 80s. net.) 

To the British reader the title of this book may rot immediately convey its 
scope, since the word laminate is not sanctioned by the Oxford English 
Dictionary as a noun. It serves admirably, however, as a general term for 
that large and increasing group of materials formed by glueing or otherwise 
intimately bonding together a number of separate sheets in order to obtain 
specific properties in the finished product. These properties may be strength, 
as in three-ply wood, which is probably the best known of the laminates; 
prevention of corrosion, as in certain aluminium-clad products where a 
central sheet of strong alloy is protected by two layers of aluminium ; or 
resistance to chemical attack, as in glass-lined steel equipment used in various 
chemical engineering processes. 

It is a oomx)osite work oditeii by Dr. Albert Dietz of Massachusetts 
Institute of Technology, and ho has been most ably served by a team of 
experts in their own branches of the subject, who have each contributed 
a chapter. There are twenty-two of these chapters, and most of thorn relate 
to particular types of laminated construction. The first, by Prof. N. J. Hcjff, 
deals with basic theory of sandwich-construction and laminates, and it is 
gratifying that British work in this subject is recognistMl ; too frequently the 
Atlantic seems to iwt as an isolating medium in this rc»speot. A general 
chapter on adliesives follows and lends emphasis to the importance of this 
element of the combination. Other chapters deal, in addition to materials 
already mentioned, with glued-laininatcd wood, wood-concrete, plastic 
laminates, hard surfacing by fusion welding, sprayed metal, sandwich con¬ 
struction, rubber laminates, etc. A concluding chapter describes the 
moulding and construction of laminates and sandwich materials. 

Emphasis is placed throughout on engineering properties rather tjian on 
specific uses of the laminates, but sufficient descriptions of their applications 
are given to add further interest to the book. The volume is admirably 
produced and printed on paper which reminds us of those days when we also 
expected a book to be pleasant to sight and touch. A numbt^r of the chapters 
contain good bibliographies and the general index is excellent. The Editor, 
contribtitors and publishers are to bo congratulated on a book of unusual 
quality and importance, 

A. J. S. P, 


CHEMISTRY 

An Advanced Treatise on PhyBical Chemistry. Vol. I: Funds* 
mental Principles, the Properties of Gases. By J. K. Part¬ 
ington, M.B.E., D.Sc. [Pp. xlii H- 943, with 269 figures.] (London, 
New York, Toronto ; Longmans, Green & Co., 1949. 80s. net.) 

This first volume, of a work planned to consist of throe or four, is a magnificent 
feat of scholarship and learning. And it is very difficult to review : partly 
because few reviewers can have a sufficiently wide and detailed knowle<lge 
to criticise all its sections; and partly because the long and interesting 
Preface seems to anticipate all the general criticisms that might conceivably 
be made—and answers them. 

The volume consists of seven sections ; I (114 pp.), Mathematical Intro¬ 
duction (since the work is meant to be intelligible to the reader who, at tho 
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outset, lacks even the Calculus); II (119 pp.), Thennodynamics; III (59 
pp.)f The Kinetic Theory of Oases ; IV (S4 pp.)* Statistical Mechanics and 
Quantum Theory; V (43 pp.)» Wave Mechanics ; VI (126 pp.), Temperature ; 
VII (389 pp.)» The Properties of Oases. 

The general plan is to develop the theory in adequate mathematical 
detail and with liistorical notes ; then to acoompcuiy it with information oti 
practical matters and with a great body of experimental data, not necessarily 
restricted to what current theory can accommodate. The book is certcun 
to be useful to University students and teachers, to laboratory workers, emd 
to chemists and engineers engaged in large-scale work,** both as an exposi¬ 
tion of principles and also as a work of reference. In all sections where the 
reviewer is able to judge, or upon which ho has boon able to get a competent 
second opinion, the matter is eminently sound. In so large a book there 
are bound to be errors and misprints; but the writer has been able to find 
very few, and none of a serious kind. The style is deliberately terse and the 
text much broken by mathematical equations. For these reasons some 
chemists will not find the book readable. Others will disagree, for the 
presentation is very clear, “ the title * Advanced * referring to the size and 
scope of the work rather than to its difficulty.** Undergraduates, for instance, 
will find much profitable reading, though they may need guidance as to 
whore to leave off. 

An unusual, and fascinating, consequence of Prejf. Partington*H plan is 
the juxtaposition of advanced theory and workaday laboratory detail. We 
turn from Heisenberg’s matrix mechanics on p. 419 to therrnoregulators 
(with about 150 references) on p. 420. On p. 611 we are told the price at 
which Nomst’s assistant supplied an apparatus for preparing liquid hydrogen, 
and on p. 618 we embar^ on the theory of magnetic susceptibility. There 
are recipes for vacuum greewes, and a discussion of gas degeneracy ; notes 
on the errors of thermometers, and an account of the history of the Second 
Law of Thermodynamics ; a presentation of London’s theory of the van dor 
Waab attraction, a description of methods for determining the critical 
temperature, a collection of empirical relationships for calculating critical 
constants, and tables containing the critical data for about a hundred 
substances. . . . 

Tlie price is high ; but so is the content of the book, which is likely to 
have a lasting value. All physical chemists who have handled this volume 
will be looking forward to the apj^earanco of its successors, and wondering 
whether they can be as good as this. 

Looking back at his atU'mpt to deal with so large a book in so short 
a notice, the reviewer feels that he might have done better had he confined 
himself to quoting as much as possible of that long Preface, merely adding 
the opinion that the author has succeeded in his aims. 

J. C. Spbakman. 

Isotopic Carbon : Techniques in its Measurement and Chemical 
Manipulation. By M. Calvin, C. Hbidblbebobb, J. C. Rbid, 
B. M. Tolbbrt, and P. F. Yankwioh. [Pp. xiv 4- 376, with 107 
figures.] (New York : John Wiley A Sons, Inc.; London ; Chap¬ 
man di Hall, Ltd., 1949. 44s. net.) 

This is a unique book among the several recently published ones on tracer 
metliods, as it is devoted entirely to methods encountered in work with the 
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carbon iHOtopes. The chapters of the book follow a logical sequence starting 
with a description of production and properties of C'* and C'*, followed 
by chapters on their measurement* is probably the most useful of the 
carbon isotopes, but the rather low energy of its ^-radiation necessitates 
special arrangements for its assay and sample preparations. It is quite 
natural, therefore, that greater attention is given to in the book than to 
either C*' or C^®. The reader will find a choice of methods suited for most 
of the problems encountered with this isotope. The great care that has been 
spent on the chapter of sample preparations of labelled material empha¬ 
sises the importance of this aspect of tracer work with About one-third 
of the book is devoted to description of organic and bio-syntheses of the 
carbon-labelled compounds jin'pared up to the time of writing the book. 
The methods of syntheses are described concisely, yet with fair amount of 
detail. A special chapter deals with some degradation procedures for the 
identification of tho position of the carbon label in certain compoimds. 

In 9 out of the 10 appe^ndtees special considerations are given to particular 
points of radioactive assay (statistical troatmtmt of counting data, coincidence 
corrections, self-absorption data for etc.) and of vacuum techniques. 
In addition to roferonces in thc^ text (given as footnotc3s on each page), a 
com[)lete bibliogra[)hy of all published work with isotopic carbon up to 1948 
will found most useful in Appendix X. 

The authors shoidd l)e congratulated on the remarkable achievement of 
their co-operation. They have produced a laboratory manual of tho greatest 
value to all workers using carbon isotopes. The exposition is clear 
throughout and the chapters arc well balanced. This book is most warmly 
recommended. 

G. PopjAk. 

A Textbook of Colloid Cbexxiietry. By H. B. Wkisbr. Second 
edition. [Pp. x + 444, with 117 figures.] (New York : John Wiley 
& Sons, Inc. ; London : Chapman & Hall, Ltd., 1949. 44^9. net.) 

On tho cover of this book we read “ . . . the \|fhole field of colloid chemistry 
treated from the classical point of view. Illustrations of theoretical and 
applied principles are drawn from the modem as well as the classical work.” 

The reviewer is fully in agreement on the importance of a sound historical 
approach to colloid chemistry, but ho would like to point out that tho great¬ 
ness of the classical work is not enhanced by ignoring, as tho presimt author 
frequently does, tho impact of advances in physical chemistry of the last 
twenty-five years. This undue reverence for tho past may perhaps explain, 
although it does not justify, some major omissions, such as synthetic polymers 
and most of the last twenty years’ work in colloid and surface chemistry. 

The book abounds in out-modod theories and concepts ; space precludes 
more than a few examples here : 

p. 18. The apparent anomalies of the Gibbs adsorption isotherm are 
discussed in terms of concepts shown to be incorrect several years ago. 

p, 164. The solution of polymers is referred to as “ peptisation.” No 
mention of the modem treatment of polymer solutions : the latest reference 
is 1926. 

p. 162. The account of membrane permeability makes no reference to 
the TeorcU/Meyor theory, now twelve years old. 

p. 222. No mention of tho zwittorion structure of proteins. 
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p. 223. The account of colloidal electrolytes is a decade out of date and 
largely inaccurate, e,g. the statement that the micelle is “ highly hydrous.** 
The fact that salts such cm sodium palmitate are strong electrolytes and 
hence fully ionised in solution does not appear to appreciated. 

p. 247. Membrane equilibrium. No mention of the modem work on 
protein solutions. 

p. 272. The statement that ions in the double layer “ oscillate through 
considerable distemoes ** can scarcely be reconciled with modem ideas of 
solutions. 

p. 290. The theory of “ protection ** given is incorrect, as are those for 
butter churning (p. 346), and for the action of glycerol on soap solutions 
(p. 364). 

p. 293. The stability of hydrophilic colloids is discussed in terms of 
“ hydration shells ** and Bemcroft’s theory (1926) of the effect of ions on the 
association equilibrium of water. On p. 303 we reewi that coalescence of 
oppositely charged particles is opposed “ by the elasticity of the water 
shells ’* ! 

p. 379. Contrast the statement there “ . . . the range of molecular 
attraction, which is of the order of SOwi/i,” with that on p. 66. 

Another major criticism concerns diagrams, which in many places are 
badly needed if the reader is to make anything of the text. 

The reviewer regrets that he could not recommend this book to anyone 
wishing to learn the fundamentals of colloid chemistry, and still less to anyone 
interested in the modem trends. 

A. E. Alexander. 


The Colloid Chemistry of the Silicate Minerals. By C. £. Mar¬ 
shall. [Pp. X + 196, with 86 figures.] (New York ; Academic Press, 
Inc.; London : H. K. Lewis & Co., Ltd., 1949. 43s. net.) 

The development of the study of clay and of clay minerals during the last 
quarter of a century has in more than one way been very scattered. The 
subject has interested people with qviite different occu]>ations who, to some 
degree, have approached the subject independently : moreover, the subject 
itself has been studied from different scientific angles without, in the early 
stages, any appreciable realisation of the intimate relation between them. 

It is no ecMy task to gather together into one coherent account tliis 
diversity of work, retaining that which is vital to the story and rejecting that 
which is irrelevant. Dr. Marshall, however, has succeeded admirably in his 
attempt to do this^ He is admirably qualified for the work because his own 
researches arc diverse—associated with the relationship of the chemical and 
X-ray studies of clay minerals, their optical properties, the size, shape and 
coagulation of clay particles, and also with the attempts to find a mathe¬ 
matical relationship between clays and the solutions of electrolytes with 
which they react. To this can be added that he has shown the same interest 
in all other phases of work on this subject. 

Following the historical introduction there is a general introduction to 
silicate stmeturos, which, with the following chapter on three-dimensional 
framework silicates, should be useful to those seeking a first knowledge of 
the subject. Otherwise, however, this book must definitely be regard^ as 
an advanced book, to be appreciated only by those who have a fairly full 
knowledge of the physical chemistry and mineralogy involved. 
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Almost inevitably some workers in this field have indulged in theoretical 
considerations and in experimental work on synthetic materials which have 
been rather dangerously assumed to behave like clay ; it is therefore interest 
ing to note that the author rt^cognises the difficulties that may arise here 
and indicates whore further and better-founded experimental work is 
required. 

This book is published under the auspices of the American Society of 
Agronomy, as the first of a projected series of monographs. This first 
volume in the Bori<*H will encourage evtiry agricultural scientist to look forward 
to those that are to follow. 

N. M. a 

Ion Exchange ; Theory and Application. Edited by Fredkrick C. 
Nacuod. [Pp. xii -f 411, with 124 figures.] (New York : Academic 
Press, Inc. ; London : H. K. Lewis & Co., Ltd., 1949. 64«. net.) 

Ion exchange is proving so vorsittile that there can be few, if any, 
chemical laboratories where it <loes not rep<»iitudly offer advantages over 
older procedures. Consequently this, the first book on the subject, is sure 
of a wide welcome : it will be needed by all specialists in the field, and others 
should turn to it for indications of how modern exchange rosins can assist 
in their own problems. 

The book is edited by F. C. Nachod, and consists of sixteen articles 
written by Ainorioan experts. It has to a high degree the merits and faults 
of this modern ty|W of publication. Each chapter is up to date, oompro- 
hensivo and well documented, and adequate^ cross-references from one 
chapter to another are given; but tliere is no unifying principle, and no real 
concern for the reader—he is given the information in tlio literature, and 
a little more, and the process of digestion is left to him. 

The theory of ion excliango is mainly dealt with in three articles, on 
“ Ion exchange equilibria by H. F. Walton, “ The kinetics of fixed-bed 
ion exchange ” by Henry C. Tliomas, and Fundamental proi)ertio« of ion 
exchange rosins by W. C. Bauman. The last of those is a masterly though 
ail too concise introduction to the subject, and tlie nou-spocialist is recom¬ 
mended to read this chapter before turning to the articles touching on his 
special interests. Then there are three important articles from members of 
the Permutit Company of Now York on ion exchange equipment design, 
and its large-scale application in the problems of water treatment and sugar 
refining. Inorganic uses arc covered by chapters on metal concentration 
and recovery (Sussman and Nachod), the separation of inorganic cations 
(Schubert) and analytical applications (W. Kioman III); biochemical appli¬ 
cations arc described by N. Apjdezwoig and K. J. Block. To complete the 
contents there arc short articles on do-salting sea water, on the possibilities 
of multistage operation, and on catalytic uses; and finally a chapter on 
miscellaneous applications, which describes uses as diverse as the treatment 
of ulcers, the soilless growth of plants, and the modification of cow’s milk 
for infant feeding. 

An appendix lists the exchangers now available (in America), and the 
indexing is thorough. 


C. W. D. 
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Thm Adsorption of Gases on Solids. By A. R* Millbb. Cambridge 
Monographs on Physics. [Pp. x 133, with 38 figures.] (Cam¬ 
bridge : at the University Press, 1949. 12s. 6d. net.) 

This volume is based upon the Cambridge Physical Tract entitled Some 
Prohleme in Adsorption, written by the late J. K. Roberts in 1938, but it is 
much more than a new edition of this work, eua the greater part has been 
completely rewritten in accord with now ideas and new developments in 
this field. The practical aspects of the subject are almost restricted to a 
brief indication of the methods of measurement of accommodation coefficients 
and of heats of adsorption, but the book is most valuable in giving a concise 
summary of the theories relating to heat of adsorption and the kinetics of 
the formation of immobile and mobile adsorbed gas films. The theoretical 
aspects of the subject are illustrated, with particular reference to the kinetics 
of the production of atomic hydrogen at heated tvmgsten surfaces. The 
concluding chapter gives a good account of the modem treatment of dipole 
interactions between adsorbed particles. 

This is not a book for the beginner in the subject, but those who have 
some previous knowledge of the subject will find it a stimulating summary, 
particularly of those aspects which have been studiexl at Cambridge during 
recent years. It is written in a lucid style and is well produced. 

J. W. S. 

Molecules and Crystals in Inorg^anic Chemistry. By A. E. van 

Ahkbl. Translated by J. C. Swallow. [Pf). x -f 234, with 45 
figures.] (London: Butterworth’s Scientific Publications, 1949. 
17s. 6d. net.) 

Based on the third Dutch edition, this book is described in tlie preface as 
being intended for students in their first year of chemistry or medicine, but a 
fairly substantial knowledge of the inorganic chemistry of the commoner 
elements is assumed. After a general introduction to the electronic theory of 
valency, emphasis is concentrated on the heteropolar bond, and the effects of 
the ionic radii and ionic charges on the physical properties, crystal structurtMs, 
and heats of formation of various classes of compounds arc discussed. The 
influence of these factors in determining the direction of chemical reaction in 
substitution, double decomposition, and oxidation-reduction processes is also 
illustrated. Tlie same considerations are then applied to the structures and 
stabilities of complex compounds, hydrates, and ammoniates, and to the 
strengths and stabilities of oxyacids and bases. The theory of dielectric 
polarisation is outlined, and the effect of dipole moment on l^iling-point is 
stressed. The last chapter is devoted to a discussion of van der Waals- 
London forces, electron pair bonds, and the intermediate character of most 
actual bonds is emphasised. An appendix includes a brief treatment of 
colloids and adsorption phenomena. 

As it is regarded as suitable for students at a stage where precision of 
statement is to be encouraged, it is a pity that the symbolism used is a little 
loose, since it is sometimes difficult to tell whether the atom, ion, or molecule 
of an element is intended. Thus when referring to the iodine and chlorine in 
KI and KCl they are written as Ig and Clg, respectively (p. 88). Nevertheless, 
it is an interesting and stimulating approach to the subject, but it will probably 
be most valuable to a student who has already covered the themes discussed 
from the more conventional point of view. 
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The author and transiator are both to be congratulated on the attractive 
style which removes the usually obvious traits of a translation. 

J. W. S. 


The Terpenee. Vol. II. By J. L. Simoksjsn. Second edition revised 
by Sib John Simonsrn, D.Sc*., F.K.I.C., F.R.S., and L. N. Owbn, 
B.Sc., Ph.D., F.R.I.C, [Pp. xii -f- ttl9.] (Cambridge: at the Uni- 
vernity Press, 1949. 35#. net.) 

To the study of tlie more complex natural products lx4onging to the caro« 
tenoid, steroid and j>olyterpenoid groups the chemistry of the monoterpenes 
constitutes an almost indispensable introduction. It is essiBiitial also that 
this fundamental chemistry should from time to time be revised in tho light 
of now knowledge, and cliernists in this field all ovt^r the world will be grateful 
to the authors for their recent efforts. This 600-page second volume, revised 
some eighteen years after tho apj^earaiice of tlie first edition, deals with the 
dicyolio torpenos and their derivatives in six chapters embracing tho thujane, 
carane, pinane, santene, campheno and fenchane groups. It is welcome news 
that a third volume dealing with the* sesquiterpenes and dilorpenes, the latter 
being included in this work for tho first time, is in the pi'ess. It might bo hoped 
that subsequently, when the chemistry is still further clarified, it will be 
possible to include the triterptmos. Much new material has l>een published 
in the intervening years and, os in Vol. I, many of the additions result from tho 
application in the torpene field of recently developed physical and chemical 
methods. Tho high stemdard sot in tho earlier volumes has l>een ailmirably 
maintained, but some concession to tlie reader could have lxH*n made in the 
r\pmbering of the structural fomiula?. Thus, m the chapter on pinane, tho 
section on a-pinane involves Roman numerals up to nearly 200, an umiecesHary 
complication which tends to hinder rather than assist reference to the many 
beautifully set out formula). 

E. R. H. Jones. 

A Chemistry of Plastics and High Polymers. By P. D. Ritchie, 
B.Sc., Ph.D., F.R.I.C. [Pp. viii -f 288, with 34 figuii»s.] (London : 
Cleaver-Hume Press, Ltd., 1949. 26#. net.) 

In this volume the author sets out to describe in comprehensive fashion the 
structural chemistry of polymers, and so approaches the subject from the 
Organic point of view. Ho deals with the principles of polymerisation and 
polyoondensation, the important groups of i)olymeric materials (pheiioplasts, 
aminoplasts, proteins, celluHOsos, lignins, rubber, the drying-oil and tho 
inorganic polymers, etc.), and various related topics. Although this is not 
the first book to describe tlie structures of industrially important polymeric 
materials, it is the first volume to attempt to describe S3r8tematically from a 
theoretical standpoint the chemistry of the whole field of polymer formation. 

The book is a very readable and stimulating one, and in its various chapters 
is assembled on immense amount of information, all logically arranged to 
throw light on the fundamental type«s and processes of polymeric aggregation 
and in reasonable degree to trace the relationship between constitutional 
pattern and outstanding physical qualities. The chief merit, indeed, of the 
book is that it provides a broad survey of pol 5 mieric categories, mechanisms 
and phenomena, and their interrelations, and in so doing it meets a need that 
has been sorely felt in recent yc'ars by students desiring to qualify in tho 
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chemistry of high polymers and plastics* For the latter purpose the book is 
very highly to bo recommended. 

The diagrams, formulas and indexes are good, and such deficiencies as the 
reviewer recognises in the text are those of incompleteness in the systematic 
classification of polymer groups, due mainly to gaps in present-day knowledge. 
In just one respect, however, that relating to the classification of low molecular 
polymers, the treatment seems unnecessarily disconnected—sufficiently so to 
give the reader an impression of impredictable or haphazard behaviour. The 
book forms an excellent introduction to detailed studios of reaction mechan¬ 
isms and physical phenomena in the polymer field, and the author is to be 
congratulated on having produced a valuable work. 

E. H. F. 


Fundamentals of Synthetic Pol3rmer Technology in its Chern* 
ical and Physical Aspects. By R. Houwink. Second edition. 
[Pp. xii -f 258, with 194 figures.] (Amsterdam: Elsevier Pub¬ 
lishing Co., Inc.; Ijondon : Oleavor-Humo Press, Ltd., 1949. 28s. net.) 

This book is a revised edition of Dr. Houwink’s Technology of Synthetic 
Polymers, 1947. The title has been altered to indicate the stress placed on the 
fundamental backgroimd in relation to technology. The alterations in the 
text are only of minor significance. 

The book attempts to cover all synthetic polymers, including elastomers, 
plastics and fibres. It deals first with basic principles and then proceeds to 
give on account of the technology of materials. Such a treatment, within the 
space of 258 pages, leads to difficulties of presentation which the author 
has not satisfactorily solved. Neither specialist nor student is catered for 
adequately. The student, in particular, is likely to bo left with a superficial 
knowledge. Tins is unfortuiuvte, because the author is hardly correct in 
stating that none of the books so far published has stressed the biiaic 
principles of this important subject sufficiently to enable the rockier to under¬ 
stand its technological aspects *’; there have, in fact, been two or throe 
comprehensive volumes published recently which have filled this need. 

The style of writing is frequently so indifferent as to lead to cunbiguity, and 
much more could have been done in editing the English (see, for example, the 
account of the formalising of casein on p. 214, which gives the impression that 
the process takes place in the press). There are, also, far too many errors of 
detail which would certainly mislead the student. Formulas and chemical 
equations are sufferers in this respect, as on pp. 22 and 23 under phenolic 
resins and silicones, while the properties of materials are often incorrectly 
given. Tlius Pefion softens at 327^ G. (not 375‘’ C.). Nylon can certainly 
not be moulded by injection at 150-200^ C., neither is it reasonable to speak of 
all parts of the Nylon fibre equipment being maintained at temperatures above 
the melting-point of the polymer. The accotmt of the vulcanisation of 
Neoprene, attributed to the reactivity of chlorine for hydrogen atoms, is 
another confusing section. 

Despite its defects, the book contains considerable useful information, 
particularly in its references to recent publications. The author and subject 
indexes are adequate, even if i1^ is surprising to note the absence of certain 
prominent British names. The general reader will benefit from the book, so 
long aa he realises the existence of the kinds of pitfall mentioned above. 

N. J. L, Mbgson. 
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Elastomers and Plastomers. Vol. II: Manufacture, Properties, 
and Applications. Edited by R. Houwink. [Pp. xvi + 516, with 
225 hgurea.] (Amsterdam : Elsevier Publishing Co, Ino.; London : 
Cleaver-Hume Press, Ltd., 1949. 62«. 6d, net.) 

This is Vol. II of the series of books on Elastomers and Plastomers, edited by 
Dr. R. Houwink. The first volume (not yet published) is scheduled to deal 
with the fundamental aspects of high polymer chemistry and physics, and 
therefore the second is logically concerned with the more practical side of the 
manufacture and applications of high polymer substcmces. The wide ramifica¬ 
tions of the subject make it absolutely necessary for the volume to be a 
co-operative effort among a number of experts. Here the problem that faces 
each author when confronted with writing adequately on the technology is 
to know whore to stop. Although high polymer science has made striking 
advances, much of the technology of the manipulation of high polymers has 
been developed empirically, and therefore the constant endeavour of the indus¬ 
trial scientist is to effect a satisfactory fusion of the empirical and scientific 
knowledge. This might be said to bo the general background against which 
the articles are written in this volume. 

It is only to be expected that the technological specialist in his own field 
will know much more than is written in this book, but its primary object is to 
give a complete r^sum^ in the space available of the methods used in the 
plastics industry as a wliole. In this connection there are, in a number of the 
articles, photographs of the plant used in manipulating polymers, and in other 
places half-tone photographs of the products. Many of these illustrations do 
not really help to illustrate the matters being discusBod. With plant, line 
diagrams showing the principles of operation would be much more helpful; 
with the products the illustrations are bettor omitted, for the photograph 
usually givi)s no clue at all to the nature of the plastic and its application can 
be better described in the text. This is a book primarily addressed to those 
knowledgeable in high polymer science and technology. 

It is difficult in a short review to mention all the articles separately. 
Dr. Houwink himself deals adequately with the phenol formaldehyde resins, 
while Dr. van Royen deals with a particular type of ion exchange rosin, 
namely Wofatit. The and melamine re.sin8 have a chapter to themselves 
by G. Widmer and K. Frey. The ethylenic polymers, by H. T. Neher, occupy 
about a thinl of the volume, devoted to the thermosetting resins. The 
cellulose derivatives, by Dr. V. E. Vtu-sley, take a substantial fraction of space, 
the fibre side being given least prominence. The protein pol 3 rmer 8 are 
treated separately as plastics by A. D. Whitehead and 8. H. Pinner, and as 
fibres by C. Diamond. The synthetic polyamides, by L. F. Salisbury, the 
silicone resins, by J. R. Elliott, and the alky<ls, by J. R. Patterson, are all 
dealt with by people having direct contact with these resins in the organis¬ 
ations in which they were originated. The natural rosins, I. C. Clare, and 
asphalts, R. N. Traxler, presumably because of their teclmological importance, 
are dealt with in some detail. Natural rubber is not considered, but its 
derivatives are dealt with in one chapter by Dr. T. R. Dawson, and Dr. 
Naunton deals very compactly with the whole subject of synthetic rubber in 
sixty closely packed pages. There is, therefore, a very wide range of topics, 
all doalt with by writers who have first-hand acquaintance with their subject. 
This gives authority to those highly compressed reviews. The book is 
excellently printed and illustrated. Mblviixb. 


BB 
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Organie Coating* In Tbaory and Praetiea. By A. V. Ph.D. 

[Pp. xii -f 298, with 121 figures.] (Amsterdam : Elsevier Publishing 
Co., Ino.; London : Cleaver-Hume Press, Ltd., 1949* 36s. not.) 

It is fair to say that tho organic coating industry belongs to the present 
century and the science which sustains it to the post-1918 period. One of the 
few men whose life span is contemporaneous with tho rise of organic coating 
science is Dr. A. V. Blom, tho author of this work. Ho knows what ho wants 
to say and has said it in a very pleasant manner ; with tho help of tho pub¬ 
lisher and the many excellent plates it is no exaggeration to describe the 
production as elegant. 

In suggesting that Dr. Blom heus been a long time deciding what to say 
(and to describe much of his own work) I mean only that here is tho distillod 
essence of a life’s work and experienco written into a highly philosophical 
background. Here is the integration of theory and practice with familiar 
facts presented in terms of their true scientific import and new horizons in 
plf'nty. 

The seven chapter headings well suit the style of treatment adopted, viz,: 

1 . FurulamerUal considertUiona which give opportunity to present in 
general terms the colloidal and macromolecular concepts, tho moaning of 
plasticising action and tho proct^ of film formation. 

2. Natural, and 8. Synthetic JUm^forming fnatcrieda, which chapters provide 
a full and satisfying study of the appropriate materials. 

4 . Physical, and 5. Ohemical JUm-formatioti, covering on the one hand all 
processes depending upon evaporation and congelation, and, on tho other, 
processes in which the film is converted by oxygen, heat or chemical reaction. 
A logical system. 

6 . Pigments, The most significant work in this section is that concerned 
with the relationship between pigment and vehicle. 

7. Coating film properties and their testing, grouped under rheological 
behaviour, mochemical features such as hardness, tack and adhesion, the 
infiuence of moisture on the behaviour of films, i,e, }xTincability, diffusion 
and swelling, optical methods of investigating strcast*s and structure of 
films (in which field Dr. Blom luvs made notable contributions) and finally, 
durability. 

Here and there through the book errors can bo found. Some of the 
arguments used lead to conclusions about which there may bo lt)gitimate 
differences of opinion—but it is that sort of book and personally I would 
decline to quibble. 

* A good ending for this review is provided by tho words with which Dr. 
Blom begins, viz, “ The best for practice—a stringent theory.” My opinion 
is that Dr. Blom has knowledge worth imparting to others and ho has not 
only tried, but succeeded, in writing an admirable book. 

L. A. Jordan. 

Physics and Chsmistry of Cellulose Fibres, with particular 
Reference to Rayon. By P. H. Hebmanb. [Pp. xxii -f 634, with 
226 figures.] (Amsterdam : Elsevier Publishing Co., Inc.; London : 
Cleaver-Hume Press, Ltd., 1949. 57s. 6d. net.) 

Ths author of this most important book is the director of tho Laboratory 
for CeUulOBe Research of the Algemeene Kiinstsijde Unie at Utrecht. His 
aim is to marry together a mass of technical knowledge on which the stupcm- 
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doua modern industry of artificial fibres is basod and tho results of academic 
researches into tho chemical constitution of cellulose. The German occupation 
of Holland delayed the completion of the work and isolated the author during 
several very fruitful years in the history of cellulose research. As a result, tho 
book misses many important contributions by British and Americcui workers, 
but, on the other hand, these very workers will welcome the book because tho 
author had access to German researches of tho same period. 

The book consists of three parts : Part I, 6 chapters, deals with tho 
constitution, crystallinity, micellar structure, molecular weight, chemical 
behaviour and dispersion of cellulose. Part II, 8 chapters, covers the general 
properties of morphology, micro-structure, and physical and chemical be¬ 
haviour of cellulose in the form of fibres. Part III, 18 chapters, is concerned 
with artificial cellulose fibres, and almost exclusively those obtained by the 
viscose process. Within this framework, the author presents a critical review 
of a mass of published work, balances the pros and cons of alternative inter¬ 
pretations and clarifies tho issue where, in the past, tho same terms have boon 
used for different conceptions, such as the “ micelle.” 

Tho book is undoubtedly for advanced workc^rs. For others, it would have 
been a bettor plan to observe the old discipline of “ experiment, observation 
and inference ” or first tho ftvets, then the speculations. Tho reader is at 
times loft with the feeling that facts are disclosed only when they conveniently 
fit the argument. Thus, the simple fact, discovoro<l by John Mercer, that 
treatment with caustic soda increases the absorptive capacity of cellulose for 
moisture and dyes is first brought in on p. 145. 

A word of praise is well earned by Miss May Hollander for her able trans¬ 
lation into English. The book is commendably free from misleading phraseo¬ 
logy, though one notices on p. 333 the loose sentence “ Alkali sulphite slows 
down agoing velocity ” and the term ” slack soditim oelluloso ” for what wo 
should doscrilx* os ” loose soda-cellulose.” The proof readers have overlooked 
some misprints, especially in names (such as (yliawdbury for Chaudhury), but 
few of them would prove a snare to the ty|je of reader for whom tlie book 
is designed. The work of the printers will still bn the envy of British authors. 
The Elsevier Publishing Company must be congratulattnl nri the handsome 
series of books in which this is the second volume. 

J. C. WiTHKBS. 

A Bibliogpraphy of Dyeing and Textile Printing. By L. G. Lawrie, 

A.R.I.C. [Pp. 143.] (London: Chapman & Hall, Ltd., 1949. 

15«. net.) 

The colouring of textiles has attracted man’s attention since tho earliest 
times and it is not 8ur|)rising that the literature of tho craft is considerable. 
Although most of the works essential to the modem ilyer and research worker 
have been published in the lost fifty years, many of the' earlier writings are of 
interest, not only to the historian, but also to a largo number of others who 
are fascinated by the subject and eager to know tho secrets of dyers of the past. 
Mr. Lawrie’s Bibliography provides a representative list of publications since 
1510, and some 816 books are catalogued, being arranged in alphabetical 
order according to authors. There follows a short-title list of the same works 
in chronologic^ order and a useful classified subject index of the books is also 
provided. The bibliography is not complete—the author does not claim tliat 
it ia-^but even though its publication date is 1949 there is no mention of books 
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published after 1046* Most of the iiifonnation has been obtained from the 
oatalogues of the more important teohnioal libraries and from about 21 well- 
established bibliographies and book lists, inoluding that of Jules Gargon 
published in 1893, the OtimukUive Book Index^ the subject index of modem 
works added to the library of the British Museum in the years 1881-1040, and 
Bibliotheca Britannica by Robert Watt (Edinburgh, 1824). ManufiM^turers* 
fmttom cards which provide so much information on contemporary practice 
are not included, and yet several quite small and unimportant publications 
which are pamphlets rather than books are listed. The bibliography would 
have been much more useful if the name of the publisher of each entry had 
been given along with the author, title cmd other information. Perhaps it is 
too much to expect that in the case of old books the name of a library or 
institution possessing a copy might also have been given, but this information 
would have been especially valuable to the more serious student of the history 
of dyeing. The author frankly states that his collection is not intended for 
bibliophiles and consequently it is perhaps unfair to apply the usual standards 
in assessing the value of this particular bibliography. It is, however, 
unfortunate that the first list published for many years should not be com¬ 
prehensive and shovild leave so mucli to be desired in presentation and 
arrangement. 

C. S. Whewell. 

Alcohol: A Fuel for Internal Combustion Engines. By S. J. W. 
Pleeth, B.Sc., F.Inst.Pet. [Pp. xvi 259, with 61 figures, inoluding 
2 plates.] (London : Chapman & Hall, Ltd., 1949. 28^. net.) 

Fbom the title the prospective reader will exp>ect to find within the covers of 
this book everything in reason about alcohols as fuels. In this he will not be 
disappointed. 

He will also find a considerable amoimt of material which has been written 
up many times before in standard works on petroleum. For example. 
Chapter 3 deals at length with the internal combustion engine with little 
specific reference to the use of alcohol fuels. The same criticism may bo 
made of Chapters 5 and 6 on '' Knock and Knock Rating ** and Knock 
Hating and Engine Tests,** and there is a general tendency to consider 
problems in relation to petroleum rather than alcohol fuels. This is perhaps 
excusable since alcohol is rarely used as a fuel except in blonds with petroleum 
products. 

In Chapter 8 the author has made some claims for alcohol in aviation fuels, 
but the fact remains that no civil or military aircraft anywhere in the world 
usee alcohol blended fuels. 

The water tolerance of alcohol fuels is of groat importance and more 
attention might perhaps have been given to this subject in the book. Ethanol 
blonds are fairly well covered, but the difficulties associated with the use of 
methanol are given insufficient prominence. 

For the rest, the style is lucid and considerable thought has been given to 
the layout. The book is weU illustrated with graphs, diagrams and tables, is 
very easy to read and appears free from obvious errors. Each chapter contains 
a summary at the eiul and an extensive list of referenot^. 

The book is pt^rhaps somewhat expensive at 2Bs. 


D. L. SAMtJEL. 
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Chemistry of Specific, Selective and Sensitive Reactions. By 

Fritz Feigl, Enpj., Dr.Sc. Translated by Ralph E. Obsper. fPp. xiv 
“f- 740.j (New York ; Aciulomic Press, Inc. ; London : H. K. Lewis 
& Co.. Ltd., 1949. Od. not.) 

Dr. Feiol has spent a considerable amount of his academic career in the 
pursuance of analytical chemistry, especially rolatinj? to the identification of 
minute traces of substances. His school at Vienna was the cradle for teaching 
the technique of identification, using spot methods, and the widespread 
demand for his previous publication entitled Spot Test Methods of Analysis 
is evidence of the universal api^eal of this most useful adjunct to normal 
methods of analysis. Those books were of immense value to the practical 
worker, and in fac»t they may bo regarded as laboratory manuals. 

The volume under review can be equally regardexl as the theoretical 
textbook on the subject, and is an attempt to explain the chemistry beliind 
BO many of the r«»actions in use in micro-eliemical analysis. This technique 
has develojK^i mainly during tlie [last twenty-fives years in depth and breadth 
coincidental with the d(welopment of instrumental methods. It aims at the 
identification and determination of the smalk^t amoimt of a substance in the 
presence of other substances, using a minimum of timt', material, and effort. 
This presupposes maximum consideration of Specificity, Selectivity and 
Sensitivity to analytical processes, and it is around tliis thiwe that the book 
is written. 

The book commences with a chapter concerning the cliaroctcrisation of 
tests by Specificity, Selectivity and Sensitivity, with emphasis on the limiting 
proportions involved and the role of reaction conditions. Thiis it is pointed 
out that in even the most sensitive reaction the molecular concentrations are 
relatively large (e,g, the catalytic reaction between silver and ferrous iron by 
gold requires 150 million Au molooulos per ml.). 

In micro-chemical technique, groat use is made of complex and co-ordina¬ 
tion compounds. The chapter illustrating the theoretical aspects of these 
compounds is extremely lucid and fully described. The work of Werner and 
Pfeffer is detaikni, with the application of the Residual Valency Theory to 
explain complex ion formation, this being illustrated extremely fully with 
reference to complexes like rubeanic acid, di-methylglyoxime compounds, etc. 

Meu^king and de-masking reactions are given a close study. The function 
of fluorides, boric acid, citric acid, motaphosphates, in preventing chemical 
reactions is explained under this heading. Enhancement of Sensitivity is 
described in detail, including the effect produced in this respect by complex 
formations (e.g. the activation of boric acid by glycerol) and of course the 
importance of catalytic actions in general in analytical chemistry. 

The main chapter in the book concerns the effect of certain atomic groups 
on Selectivity, and here is doscribixl the theory behind the use of most of the 
organic reagents that have found their way into micro-chemical analysis. 
This chapter includes an excellent description of Dithizono and its manifold 
uses, cuid gives a rationale for the use of phenols, amino-acids, oximes and 
nitroso groups, in metal cmalysis. 

Another chapter deals with smface effects, e.p. colour, particle sizes, 
suspendability, colloidal action, protective colloids, adsorption and capillary 
action. 

The final chapter is on Fluorescence and Photo-Reactions. 

The book is an immense effort, and, although it inevitably tends to repeat 
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itself under the various classifications, is extremely readable and a mine of 
information to the practising analyst as well as to the student of organic 
chemistry. 

R. F. M. 

Modern Methods for the Analysis of Aluminium Alloys. By a 

Committee of Chemists convened by ALAR (The Association of Light 
Alloy Refiners). [Pp. viii -f- 144, with 11 figures.] (London : Chapman 
& Hall, Ltd., 1949. 13s. 6d. net.) 

Dubino the late war and the years immediately preceding it, the enormous 
demand for aluminium alloys to rigid specifications made it im|>erative for 
proper foundry control to employ method of analysis of the utmost rapidity 
consistt'nt with accuracy. The methods finally approved by the members of 
this Committee, after extensive trial in their own laboratories, have been 
collected together into the present volume in the hope that they may be of 
general interest in a wider analytical field. 

As indicatcxl by the title, emphasis in this book is on modem methods; 
more than half of it is devoted to the application of physico-chemical instru¬ 
ments, while certain newer chemical techniques and reagents have been 
selected to replace old-established ones whore they are more suited to analysis 
on moss-production lines. 

Following a chapter on sampling. Part I deals with the determination of 
the usual alloying elements and impurities and Part II with some less common 
oletnents. In Part I there is a choice between chemical (gravimetric or 
volimiotric) and photometric (absorptiometric) methods, but electrolytic and 
IK)larographic methods are recommended only where they are thought to 
offer a real, practical advantage over others available. Each method, which 
is dc^signod for the determination of a single element from a separate weighing 
of the sample, includes a brief account of the principle involved, directions 
for varying the procediu^ when dealing with different types of alloy and an 
estimate of the time required by a skilled analyst. In certain ciroumstcuioos 
it may be preferable? to determine several constituents from a single weighing, 
and in Part III two composite photometric schemes are described. 

There are ample references to the chemical literature, including the pub¬ 
lished methods of other firms in the aluminium industry botli in this country 
and abroad. 

F. R. E. 


Progress in Metal Physios —I. Edited by Bbuce Chajlmbbs, D.So., 

Ph.D. [Pp. viii -f 401, with 16 plates and 134 figures.] (London : 

Butterworth’s Scientific Publications, Ltd., 1949. 46s. net.) 

Thb present volume is the first of an annual series that is intended to provide 
authoritative reviews of the state of knowledge in specialised aspects of 
physical metallurgy and motal physios. Such reviews, it is maintained, aro 
necessary in view of the large and rapid advances now being made rendering 
it difficult for specialist research workers to keep in touch with progress in 
branches other than their own. Annual reviews are regular features of a 
number of scientific and technical journals. These generally comprise 
numbers of short reviews of the year’s publications in particular fields. In 
oontrast, in the present series it is intended that the necessary historical 
background should also be included the first time a particular subject is 
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treated and that relatively few subjects should be discussed rather fully in 
each volume. The title is thus somewhat misleading. 

Dr. Chalmers' choice of subjects emd collaborators for this first volume 
gives the series an auspicious start. They are : ‘ Progress in the Theory of 

Alloys,” by Dr. G. V. Raynor; ” Theory of Dislocations,” by Dr. A. H. Cottrell; 
” Crystal Boundaries,” by Mr. R. King and Dr. B. ChaJmers; ” Age 
Hardening of Metals,” by Mr. Q, C. Smith ; ” Hardening Response of 

Steels,” by Messrs. B. H. Bucknall and W. Steven ; ” Preferred Orientation 
in Non-Ferrous Metals,” by Dr. T. LI. Richards, and ” Diffusion of Metals 
ill Metals,” by Mr. A. D. le Claire. 

All the articles are clear, concise and free from serious omissions. Refer¬ 
ence might, however, have botm made to the theoretical and experimental 
work of Boroliiw* school in the article on ag© hardening, and the article on 
preferred orientations in non-ferrous metals would have justified its title bettor 
if matter other than for copper and the copper alloys could have been included. 
Apart from those minor criticisms, the enterprise which enables outstanding 
rtisi^rch workers to write such reviews cannot be t(Mi highly commended. 
Although such work is an additional demand on their time and energy, it 
should perhaps be regarded as a duty, and suitable provisions should be made 
to facilitate its discharge. 

The book is well produced on good paper and well bound, and the price 
is perhaps not unreasonable bearing these features in mind. 

A. B. WiNTKBBOTTOM. 

Metallurgy for Engineers, By E. C. Rollason, M.Sc., Ph.D., F.l.M. 

Second edition. fPp. viii -f 339, with 179 figures.] (London: 

Edward Arnold & Co., 1949. 16«. not.) 

With the growing realisation of the importance of motallrngioal knowledge for 
engineers, numbers of books of scope similar to the present one appeared 
between the two world wars, particularly in England. Among those Dr. 
Rollason's enjoyed great and woll-cltisorvod popularity, as is witnessed by 
seven roprintings of the first edition sinof) its appearance in 1939, The author 
is exceptionally well fitted to write such a book, in view of his extensive 
experience of teaching both technical college and university students on the 
one hand and of directing industrial metallurgical n^earch on the other. 
Now that iNwision of the text has become desirable in view of many rapid 
developments during the last war, it is indeed fortunate that the author has 
been able to do this so expeditiously. 

It is emphasised that the book is not intended for self-study, but as a 
concise factual summary to relieve students following a lecture course, in which 
the subject is provided with a detailed introduction and background, of much 
of the burden of note taking. 

New matter includes ; an account of brittle fracture of carbon steels and 
its relation to low-temperature proportias and the impact test; creep proper¬ 
ties of jet engine and turbine materials, isothermal transformation diagrams 
for steels and the effects of alloying additions on those and on the harden- 
ability as revealed by the Jominy test; powder metallurgy ; sigma phase in 
stainless and gas turbine steels, revised diagrams for copper alloys ; references 
to the latest B.S. spooifioations for £n steels and specifications for copper 
alloys and light alloys in draft at the time of writing; a brief simplified 
treatment of the modem conception of the metallic state, crystallographic 
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terminology and ternary equilibrium diagrams. The seotions on magnesium 
and on welding have been rewritten. 

In such a small general book there is not room for extensive exposition 
of theories and theoretical controversies. Nevertheless, the author has fre¬ 
quently given a simple theoretical interpretation of phenomena described and 
thus provided a co-ordinating factor for the mass of factual information. The 
photomicrographs and diagrams are clear and well chosen, contributing 
effectively to the imderstanding of the text and reflecting credit on author 
and publishers. 

A. B. WiNTEBBOTTOM. 

Metals Reference Book. Edited by 0. J. Smitueixs, M.C., D.Sc., F.I.M. 
[Pp. xvi -4- 735, with numerous flgures.] (London : Butterworth's 
Scientific Publications, 1949. 60a. net.) 

Rabexy is it that one finds enjoyment in studying a reference book of data, 
but this book is the exception ; the reader is fascinated right from the begin¬ 
ning, where in less than two pages is given in terse language a practical account 
of first aid in the laboratory. Although a relatively unimportant part of the 
book, this is worth noting b(X)ause it seems to set a stondard of straightforward 
language which is kept up throughout th€3 book in the many parts which are 
explanatory. The clear mode of expression is a model of what scientific 
writing should be and reflects great credit on the editor and associate editors, 
whose task must have been heavy. 

The value of a book such as this, however, stands or falls not so much by 
the mode of presentation as by its completeness and accuracy. If a reference 
book is bad in those respects it is generally obvious immediately ; if it is good 
it takes time to find out how good it is. Its completeness is certainly impres¬ 
sive ; its accuracy will be judged in the course of time. In compiling data 
there is often too much material at hand and it falls to the lot of those who 
write reference books to sit in judgment and select the best values. This 
is the most difficult part of the task and whatever is done is often open to 
question, but the list of names of contributors and editors is sufficient to 
inspire confidence. 

A list of the subjects covered in this work would bo tedious ; a list of those 
left undone would be extremely difficult to compile. In any case, the work 
is not merely a collection of tables ; it offers the facilities of a library assisted 
by a first-class librarian. To some extent it is also a practical handbook, 
particularly in the sections devoted to metallography and to plating proceeses. 

Altoge^er it is em excellent book. 

E. S. Hedges. 


A New Dictionary of Chezniatry. Edited by S. Miall, LL.D., B.Sc., 
and L. M. Miall, B.A., F.R.I.C. Second edition. [Pp. x -f 689.] 
(London, Now York, Toronto; Longmans, Green A Co., 1949. 
60s. net.) 

This work is a second edition of the one-volume dictionary of 1940, compiled 
by the late Dr. Stephen Miall with the assistance of 27 collaborators. It 
comprises some thousands of brief scientific and biographical articles, a n d is 
intended to serve cus a compact work of reference for the numerous people- 
chemists, physiologists, druggists, doctors, etc.,—whose work demands clearly 
wntten and accurate information on a wide range of chemical matters. The 



REVIEWS 


393 


original ariiclen, which inoludo explanations of tenns used in chemistry and 
chemical engineering, accounts of many chemical substances, chemical opera¬ 
tions, drugs, vitamins and other bodies of biochemical importance, have been 
revised and considerably increased in number. 

The production of a one-volume dictionary covering the wide domains of 
chemistry and able to meet successfully the occasional needs of a very varied 
public repn^nts no very easy task. The articles must reasonably well cover 
the field (and therefore must necessarily be concise), but they must not fail 
to convey quite definite and worthwhile information to all the grades of 
readers. The compilers seem to have tjxcroised commendable discretion in 
the selection of their topics, and have produced articles charaott^risod by a 
high degree of clarity of meaning and accuracy of exposition. The work is, 
therefore, as free from mystifying technicalities, sjiecialist jargon, and vague¬ 
ness of meaning as skilltMl and thoughtful i^ffort can make it. The justification 
for diluting the chemical themes with brief biographical articles on a somewhat 
arbitrarily soloctod group of the world's living and dead chemists is not very 
obvious ; but, novorthtdess, the not rc^sult is a work of roferonco, well printed 
in an attractive stylo, winch can be recommondecl. 

E. H. F. 


GEOLOGY 

Historical Geology. By CAnn (). Ditnbak. [Pi), xii 567, with frontis- 
pi(H»o and 350 figures.J (New York : John Wiley tSr Sons, Inc. ; 
London ; Chayjman & Hall, Ltd., 1949. 40<j. net.) 

Tins book provides an oxc('llent introduction to the study of Historical 
Geology. Tlie first four chaptt^rs focus the attention upon those featuros 
of rock arrangi'meiit and constitution which throw light upon the passage of 
time, changing climates and crustal movements. In like manner they show 
how foasils may bo used as indicators of yieriods of time and of life conditions 
08 well 08 guides to the progress of living things through the ogw. For 
readers whose knowledge of biology is limited an appendix on the classification 
of animals and plants is provid^. 

The systematic study of earth history ojiens with a rapid surv^ey of the 
place of the earth in the solar system and the imivorse, and of tlie more 
acceptable views concerning the origin of the earth itself. This leads on 
naturally to a brief consideration of the very fragmentary records of those 
vast periods of time referred to collectively os Precambrian, which make up 
no loss than three-quarters of the whole of geological time. As the records of 
the remaining quarter become progressively less scanty they provide material 
for fourteen chapters dealing with the major periods in succession. Each 
chapter includes two main sections. One deals, first, with the geography of 
the North American continent in early, middle and late parts of the period. 
Tlie details are then filled in by a description and a physiographic interpreta¬ 
tion of the vertical and lateral changes in the nature of the rocks for the more 
important areas. The other deals with the life forms of the period. Minor 
sections are interspersed, dealing os occetsion demands with other topics of 
interest, such as the history of geological discovery, problems of climate, 
vuloanicity and earth movement, the origin of land life, the emergence of 
mammals and of men. 

The whole story is succinctly and vividly told and the reader is fortunate 
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in having such a delightful introduction to the subject. The book is superbly 
illustrated with an abundance of pictures, sections, block diagrams and maps, 
carefully selected and well executed. 


H. H. S, 


A Student’s Introduction to Geology—^noainly Physical. By 
Georob Maodokai^d Davies. [Pp. viii -f 246, with 175 figures.] 
(London : Thomas Murby Sc Co., 1049. 18s. net.) 

This moderately priced textbook should be owned by all beginners in geology. 
It is lucidly written, and, although much condensed, contrives within its 
240 Images to expound the important principles of the subject, British 
examples being quoted where possible. The book opens with a short discus* 
sion on the scope of the science, followed by cosmical geology, geological time, 
the various kinds of rocks, earthquakes, volcanoes, geological structures, 
mountains, ground water, springs, rivers, lakos, tho sea, ico, wind, heat, frost 
and rain. The last part of the book (7 chapters) deals with stratigraphy, the 
study of fossils, and ends with a brief summary of the geological history of 
the British Isles. This section, edthough very concise, is one of the most 
successful ports of the book. 

Chapter 14 on section drawing is devoted to the study and description of 
geological maps and, by quoting index numbers of Geological Survey maps 
which illustrate typical structures, encourages the student to browse among 
maps for himself, warning him tho while about the mistakes beginners usually 
make. 

Tho treatment is adoquat.e for Intermediate B.Sc. standard, and reading 
lists follow each chapter. Tho illustrations are all line blocks which vary 
greatly in quality, possibly because they were done “ by a number of different 
hands.’* 

The elimination of “ turgid or nebulous writing ** by brevity somotimos 
loads tho author to epitomise rather than oxpoimd. Chapter 17 on lakes 
rv^ads more like revision headings than an exposition for beginners. Again, 
tho readier moots new terms and mineral names which are not explained nor 
forniulse given ; for example, “ pleochroio haloes ” (p. 8) will prove a stumbling 
block to many, and tho term “ porphyry ** is not adequately explained by 
Fig. 6 (p. 17), which needs a fuller legend. Indeed, many of tho figures 
would gain in value if tho legends were somewhat expanded. 

Errors are rare. The rc^viowor saw only one letter omitted. In Fig. 95 
(p. 107), “ thickness ” should read “ vertical thickness.** Tho typj is pleasing 
and clear and tho index is good. A short glossary would be useful. There is 
no doubt that this book will become a well-known text in schools and colleges. 

Alan Stuart. 


BOTANY AND AGRICULTURE 

Tha Cytoplasm of the Plant Cell. By A. Quilliebmono. Trans¬ 
lated by L. R. Atkinson. [Pp, x -f 247, with 152 figures.] (Waltham, 
Mass.: the Chronica Botanica Co.; London : Wm. Dawson Sc Sons, 
Ltd., 1941 (second printing, 1948). 40s, net.) 

With the increasing interest in the cytoplasm by virtue of its own special 
contribution to heredity and as the vehicle of the expression of nuclear 
heredity, a critical aoooimt of the structures in the oytopleunn is partioularly 
valuable^ 
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The hook iH a tranHlation of an unpubliahed French manuscript, written 
tiy a pioneer investigator in this field. The present volume is a second 
printing reprotliicod by offset and consequently reproduces the misprints of 
the first issue published in 1941. 

The study of the cytology of the cytoplasm has sufiferod in comparison 
with that of the nucleus. Basically there is the difficulty of finding an experi¬ 
mental approach. The cytoplasmic constituents do not possess distinctive 
morphological features by wliich they might bo recognised at recurrent phases 
of the coll cyclic A considerable gulf exists botwoon the description of cyto¬ 
plasmic constituents and their relation to the physiological activities and 
hertnlity of the cell. The study is also eonfuscnl by the protean forms, often 
given different names, that each of the distinguishabli^ categories may show, 
so that each may mimic the others at some stagers. There is also the difficulty 
of characterising the structures mioroc‘ht»mieally ; indf'od, in this respect, 
some stati^ments in the present volume arc unduly optimistic. 

Prof. Guilliormond pnwmts a dt^tailed account of the interrelations and 
distinctions of the various constituents. Ho recognisc's two kinds which are 
transmitUsd by division from cell to cjtdl, and which enn ajiparHiitly bo propa¬ 
gated only from pro-existing similar bodices or ihoir primordia. Of these, the 
plastids are distinguished by their ability to boar chlorophyll in green tissue 
and to elaborate carbohydrates. They are derived from small bodies very 
similar in form and histochi'inical constitution to tho chondriosomes, the other 
kind of autonomous structure. The chondriosomc's n^main minute, but may 
bo granular (mitochondria) or filamentous (ehondrioconts), and their function 
is unknown. 

Otbf*r rt'cognisable structure's in tho cytofilasm are considered to Ix' secri'ted 
by tho vital procc^sses of the cell. The vacuolar system consists of fluid 
cavities, oontaining crystalloid and colloid substances, which are represented 
in embryonic colls by minute thread-lik(' <'olloidal progenitors. Although 
almost always rei)rosented in plant cells and capable of fragmenting, tho 
vacuoh's soom to arise novo —it is sii]>posiHl by sc'cretion of tho cytoplasm. 

There an^ two discouraging complexities in cytoplasms! cytology. One is 
th<^ multiplicity of terms, the other the numerous conflicting interpretations 
and si)ecIllations. Guilliennond has done something tf>wai'ils reducing the 
fonner, but there still is an excess ; the inclusion of a glossary and synonymy 
would liavo been helpful. Guillierrnond has done his best to reconcile the 
interpretations of different authors. However, thi! aggregate impression is 
that the purely cyiological approach is rather sterile and that real advances 
in identifying tho structures in which particular cellular activities are located 
will come from other directions. 

D. G. Catchesidb. 

Botanik dar Gegenwart und Vorzeit in culturhistoriacher 
Ekitwickelung. By Karl F. W. Jessrn (1864). [Pp. xxii -f 496.] 
(Waltham, Mass. : Chronica Botanies Co.; London Agents : Wm. 
Dawson Sons, Ltd., 1948. 48^. net.) 

This is the first of the “ Pallas ” reprints of scientific classics which ore no 
longer available. To most botemists of to-day Jassen's History is known only 
by a single reference in Sachs' History, which was published in 1876, eleven 
years after that of Jossen. Jossen was bom in 1821 in Schleswig* from 1861 to 
1877 ho was professor at the Agricultural College at Eldena (Vorpommem), 
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and he died in Berlin in 1S80. Botanists interested in the history of soience 
will welcome this reprint, for Jessen’s History is different in many ways from 
that of Sachs ; it is notable for its cultural approach, as is indicated by its 
sub-title —Ein Beitrag zur Oeschichte der aberMdndischen Volker* 

V. H. B. 


The History and Social Influence of the Potato. By Redoliffk 
N. Salaman, M.D., F.R.S. With a chapter on “ Industrial Uses,*’ by 
W^ G. Burton. fPp. xxiv 4- 685, with frontispiece and 108 figiues, 
including 34 plates.] (Cambridge: at the University Press, 1949. 
fiOs. net.) 

The author of this work was formerly Dinxitor of tlio Potato Vinis Research 
Station, C’ainbridgo, from which post ho retired in 1939. His years of retire¬ 
ment hav(' been used to assemble a vast amoimt of information concerning 
the |)otato and its social influence and to present, in a very readable form, a 
book wliicjh, as a history of the |x>tato and, indeed, of certain aspecta of 
agriculture, will long lx* a standard work of reference. 

In the early chaptei's. Dr. Salaman deals with the plant in its native homo. 
The antiquity of the interest of man in the potato is determined largely by 
archfisological evidence based on pottery. The crop was grown in South 
America two thousand years ago and probably many centimes before that. 
As is well known, Dr. Salaman does not accept the Russian theory that thu 
European potato came from Chile or Cliiloe. He advances reasons for sup¬ 
posing that it originated at the northern end of the Andean Range. Most of 
these reasons appear cogent, but the one based on the reaction of bolters to 
length of day is not convincing. 

Dr. Salaman dates the introduction of the potato into Europe (Seville) at 
the latest in 1670. He discusses at some length the introduction of the jwtato 
into Britain and sets out clearly all the information that is available on this 
subject. However, ho would be tlie last to deny that much of this information 
is speculative and that the original introducer of the potato into this country 
will probably never bo known. It is possible that unrecorded voyages were 
made in the Sixteenth Century and, indeed, there may have been about that 
time more than one introduction. 

The chapter on varieties—past, present and future—oontains much that 
is interesting. Here Dr. Salaman describes his own—probably the earliest— 
attempts to breed Blight-resistant varieties. It is true that Dr. Wilson of 
St. Andrews used S. demiamm for breeding over 40 years ago, but his objectives 
wore not defined. In discussing synonyms and the part played in their 
elimination by the Potato Synonym Committee of the National Institute of 
Agricultural Botany mention might have been made of the contributions of 
the Scottish Scheme for the Inspection of Growing Crops of Potatoes which in 
a quiet way did much to eliminate the mischievous practioo of using synonyms. 

In describing the effects of the cultivation of the potato in Europe, Dr. 
8 alaman*s main thesis may be described in his own wor^ : The potato can, 
aaid generally does, play a two-fold part: that of a nutritious food, and that 
of a weapon, ready forged for the exploitation of a weaker group in a mixed 
society.” According to him the potato in Ireland proved the most perfect 
means for maintaining the poverty and the degradation of the people. To 
use his words again : *' In Ireland, it became a weapon of defence of a con¬ 
quered peoj^e against their masters, as well as the instrument by which the 
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latter achieved the most complete exploitation of the workers. In this 
sinister capacity, it proved an efficient instrument whilst the age-old cleavages, 
racial, religious and social, offered an ideal field for its use.” It is, however, 
possible that the author's description of the conduct of the English in Ireland 
is too severe. The chapters dealing with the^Irish history certainly do not 
make pleasant reading. Apparently the potato played a somewhat similar, 
although less calamitous, part in the degradation of the common people of 
England and Scotland. After reading these descriptions, the reader will 
pass, in welcome relief, to the history of the potato in Tristan da Cunha. 

The catastrophe that awaits a nation depending for its livelihood on such 
a plant as the potato is graphically described in those chapters which deal with 
the groat Blight opidemios, particularly those in Ireland, wliich occurred in 
the middle of the nineteenth century. 

In an appendix dealing with the failures of the potato crop in Ireland the 
author sets out a table in which xjossible causes are given. In this table, 
Blight is mentioned for the first time in 1845 and failures before this date 
are ctscribed to various causes, including Blackleg, Bacterial Kots, Dry Rots, 
Botrytis dnerea and frosts. To the reviewer, it apx^ears almost imposHiblo that 
such widespread epidemics could have occurred so suddenly, without previous 
warning, and to him it would appear to bo much more reasonable to assume 
that the Blight organism hiul been parasitic on potatoes in Europe for a con¬ 
siderable period before the epidemics occurred. It is certainly curious that 
epidemics of Blackleg and Botrytia cinerea are not mentioned after 1846. 

The author has consulted an enormous number of references, over 800 
being mentioned. It cannot be said, therefore, that ho has spared himself in 
endeavouring to ascertain the truth. One curious omission is the Trans- 
actions oj the Highland and Agricultural Society of Scotland which certainly 
mentioned potatoes in its early issues. 

Tlie book is much the most comprehensive and authoritative work on the 
history of the potato and is therefore sure of a wide welcome. 

T. P. Mol. 

Freedom from Want: A Survey of the Poeeibilities of Meeting 
the World’s Needs. A Symposium edited by E. E. Dfi Turk, 
Ph.D., for the American Association for the Advancement of Science. 
[Chronica Botanica, Vol, XI, No. 4, pp. 207-84, illustrated.] (Waltham, 
Mass. : The Chronica Botanica Co.; London : Wm. Dawson & Sons, 
Ltd., 1949. 16tf. net.) 

The symposium herein reported had, as its general background, the discussions 
of the F.A.O. and other organisations concerning the relative rate of increase 
of world populations and that of food supplies. H. R. Tolley, in a discussion 
of tliis point, concludes that world-wide collaboration can achieve a satis¬ 
factory balance. By intensifying the use of existing cultivated areas and 
by bringing fresh land into systematic production, R. M. Salter argues that 
food supplies could bo doubled by 1960. The improved production of food 
crops during the past 50-70 years is quoted by K. S. Quisenberry as evidence 
that with further investigation and international co-operation the crucial 
problem of feeding the increasing world population can be solved. In con¬ 
sidering current systems by which scientific investigation of agricultural 
problems are now carried out, M. A. McCall enters a plea for the quicker and 
more efficient translation of research data into practical terms and, especially. 
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for its more rapid utilisation in farm practice. J. D. Black introduces still 
another aspect of the matter by discussing relationships between the general 
levdi of nutrition and standard of living and variation in populations, f .s., the 
effects on birth- and death-rates. The concept of an optimal population is 
presented; approach to thi^ optimum may be facilitated by technical 
developments in agriculture and is associated with ineroctsed food consumption, 
increased output of work per head of population and with a general riso in the 
standard of living. The efficiency of animals in producing human food is 
discussed by F. B. Morrison. Milk and dairy products are regarded as of 
prime importance in food economy and in efficiency of production : eggs and 
pig products are placed next in order of importance, with beef and lamb 
production also ranking high. 

The symposium affords interesting and sometimes provocative reading. 
The numerous factors concerned in the matching or balancing of food output 
and growth of population are introduced clearly and the difficulties are made 
apparent. Authors of the series of papers, however, share the view that the 
problem is not insoluble and that intensive scientific effort and world-wide 
co-operation are essential to the achievement of bucooss. It is pointed out 
(R. M. Salter) that ** science may discover and point the way, but it cannot 
dictate. The full measure of success in economic, social and political action 
comes only with the will of the majority : not from the desires of one group.” 

A. G. POLLABD. 

Farm Work Simplification. By Lawbbncb M. Vattohan, Ph.D., and 
Lowell S. Habdin, Ph.D. [Pp, xii 4- 145, with 49 figures.] (New 
York : John Wiley A Sons, Inc.; London : Chapman & Hall, Ltd., 
1949. 23s. net.) 

Time and motion studies to expedite business oj^erations have been developed 
(particularly in America) during the last 20 years, and this is tlio first book of 
its kind to apply these studies comprehensively to farm operations. 

There are three principal and related factors involved : the purely Ikuman 
factor, illustrated in the simplest possible way by using two hands instead of 
one, and by arranging the amount of walking a man has to do to avoid 
unnecessary retreu^ing of the same tract; the use of equipment dt)signed to 
curtail labour and to produce quicker and sometimes better results ; the 
general organisation of all the various operations involved in the industry of 
farming in order that they may dovetail with a minimum time loss. 

The first part of this book is written primarily for farmers and tliose 
working on the land. It illustrates what is meant by farm simplification and 
the savings that can be effected in pig farming, in dairy farming, in hay¬ 
making and with tobacco, fhiit and vegetables. Here the book is able to 
show that certain types of routine work can be effected in a third, or even a 
quarter, of the time that was once taken. 

The second part of the book is written primarily for those who wish to 
develop the study of the subject and deals with the methods of research to bo 
adopted in work simplification. It concludes with some accoimt of training 
and the holding of courses in this work. 

The subject of this book is probably more easily applicable in America 
than in this country, and it is probably more useful to those young in the 
industry than to those long established in it. The important thing, however, 
which the authors fblly realise, is that these studies convey general ideas 
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which those working on the Icuid may use according to their own individualities 
and interests, and if it is treated in this way, with a full recognition that the 
human factor involves something more than organised routine, it should be 
interesting to all agriculturists and of considerable economic value to a vast 
number of them. 

N. M. C. 


The Soil and the Sea. A Symposium edited by TiiKVon I. Williams. 

[Pp. 240, with 8 plates.J (London: The Saturn Press, 1949. 

10«. net.) 

The purpose of this little volume of biological c^ssays is to provide an interest- 
ing account of recent n^oarch and also to “ provoke rlisc^ussioti and thought 
on the opportunities for benefiting mankind which are inherent in biology.” 
In Ilia introduction the Editor, Trevor I. Williams, points out that the 
importance of biological science is not so wid(dy appreciated as it should bo ; 
“ for every poimd that is spent on biology a score is spent on idiysics.” And 
so he has collcxited a team of well-known expi'rts who hav(5 produced eighteen 
short essays dealing with their special subjects. As might bo expiated, a 
number of them deal with agriculture, and one (>f the most interesting is by 
Sir J. A. S(!ott Watson, our foremost exponent of agricultural science to 
farmers and their advisers, who gives a concise and lucid summary of recent 
progress. A special branch, the possibility of using growth-regulating sub¬ 
stances in crop production, is ably discussed by Richard Clements ; if a later 
edition is called for, the work of R. L. Wain at Wye should bo included. A 
certain amoimt of overlapping with the chapter on Weeds by W. E. Bronchley 
and H. C. Long was i>erhaps inevitable. The sea provides some interesting 
chapters : D. T. Gould describes the exj^rimonts on fertilising the waters of 
Loch Swoon with nitrates and phosj)hates which resulted in an increased rate 
of growth of the fish, and makes out a good case for further work on a larger 
scale : incidentally the results suggest tliat the discharge of sewage effluents 
into the sea may not be os wasteful as is often 8 Up 2 ) 08 ed. Those perennially 
interesting animals, whales, are ably diseusstHl both by L. H. Matthews and 
C. M. Yonge ; an<l Julian Huxley hiis a stimulating t'ssay on Species and 
Evolution which will also serve as a helpful guide to tho non-export. 

In view of th(! large amount of information contained in tho book, there 
should have been an imiox, and it would further have boc^n helpful if the 
references hod been given to tho more important papers quoted, and also tho 
initials of the investigators. But these am minor defects easily romcHiied in 
another edition : tho essays fulfil their purjiose of arousing interest and 
provoking thought, and the book can be strongly recommended to experts 
and laymen alike. 

E. J. Russell. 


BIOLOGY AND MEDICINE 

Comparativo Anatomy. By Leverett A. Adams and Samuel Eddy. 
[Pp. viii -f 620, with 364 figures.] (New York : John Wiley & Sons, 
Inc.; London : Chapman & Hall, Ltd., 1949. 40«. not.) 

This book, though written for courses in American Universities, would servo 
for any degree course in Zoology. Very sensibly the first part of the book is 
devot<^ to a survey of the classification of the Chordata, which ckirifies the 
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position of the vertebrates in the phylum. In addition to a review of the 
diagnostic characters of the vertebrates, mention is made of the various 
theories of their ancestry. In the chapter on embryology notice does not seem 
to have been taken of Conklin’s work on Amphioxus. 

The second part follows the usual sequence in a comparative treatment, 
and only a few points can bo touched upon hero. It is interesting that teeth 
are considered quite properly under the integumental system. The intro¬ 
ductory section to the skull could have bean made clearer. For example, 
chondrocranium and neurocranium are used as if they were synonyms, whereas 
some authors regard the neurocranium as tliat part of the skull surrounding the 
brain and chondrocranium as neurocranium plus the sense capsules. Also 
“ skull ** is used indiscriminately to mean cranium or cranium plus visceral 
skeleton. 

In the vascular system there would bo difRoulty in visualising the develop¬ 
ment of the heart without some aid from figures. Tlie general treatment is 
comprehensive and the diagrams of circulations are a useful addition to the 
more usual figures of arterial and venous systems. 

The treatment of the nervous system and sense organs is naturally very 
condensed, but the essential differences in the telencephalon of amphibians, 
reptiles, birds and mammals would have boon clearer if the changes in the 
pc^um had been elaborated, and particularly the development of the neopal¬ 
lium, culminating in the relatively enormous mammalian cerebral hemispheres. 
In a comparative study it is this aspect which is important. 

An extensive bibliography is appended and the provision of a comprehen¬ 
sive glossary is to bo commended, for the complex nomenclature of vertebrate 
anatomy is often a sore obstacle to the now student. 

The iiguros are clear and well labelled. However, in Fig. 64 the basement 
membrane might have been labelled to emphasise that the epidermis is a 
stratified epithelium ; the indication lines of the sense capsules ** in Fig. 84 
go to the sense organs ’’ and not to the capsules ; the legend of Fig. 242 
should be arterial “ system ” and not circulation, as there are no arrows to 
show the direction of flow, 

A. J. G. 

Principles of Biological Assay. By 0. W. Emmbns, D.Sc., Ph.D. 
With a foreword by SiB Pbrcivai. Hartley, M.C., D.So., F.R.S. 

[Pp. xvi •+• 206, with 25 flgures.] (London ; Chapman & Hall, Ltd., 
1948. 21s. not.) 

The first applications of statistical methods to biological assay—^that is to 
say, to the evaluation of substances by their effects on living organisms or 
surviving tissues of living organisms—was made by pharmacologists. In this 
field the names of OcMldum and Trevan are rightly held in high esteem by many 
whose approach to the problems has boon that of the analytical chemist rather 
than of the biologist. In specialised fields. Bum, Coward and others have con¬ 
tributed to the subject, but they ail had to learn their statistical technique 
and apply it to their biological problems. 

Meanwhile a group of professional statisticians, inspired by R. A. Fisher’s 
pioneering work in agricultural science, and having among them well-known 
experts such as Yeats, Finney and Fieller in this country, and Bliss and 
Snedecor in the U.S.A., were approaching the scene from the statistical side. 
The meeting of biologist and mathematician over the wider domain of pharma- 
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oology has been no less fruitful than is the more restrioted and utilitarian plot 
on which biologioal assay is carried out. Here Dr. Emmens has already made 
a name for himself, and this book will much increase it. There is, however, 
less discussion of principles than its title would lead one to expect. True, 
they poke their awkward heads up from time to time, but the main aim of the 
book is to explain to the bio-essayist the statistical procedures that he must 
use to get the maximum of information from his tests and, to what Dr. Emmens 
holds to be the necessary extent, also the mathematical basis of those pro¬ 
cedures. Thus the empliaais of this book is on the numerical aspect of 
biological assay—the way to get an answer to the question ** How active is 
this sample ? ** and the probability that the answer would be the same in 
replicate assays. 

There thus still remains to bo written a monograph on the more theoretical 
aspects of biological assay in which might be discussed such questions as the 
bias given to a result by eliminating ** from the animals used in a test those 
dying or falling sick during its progress. It wotild.also be useful to indicate 
how the procedure of a biological assay may be in part at least determined by 
the extent to which either of two principle objectives is its aim, the compara¬ 
tive measurement of a physiological or pharmacological property on tho one 
hand pr, on the other, the estimation of the amoimt of a substance (or group 
of substances) for which chemical or physico-chemical methods of analysis are 
unavailable. 

Though Dr. Emmens has not written such a book, it is indeed a tribute to 
the penetrating nature of his own exposition that in reading it one is led 
parenthetically or oven only by implication to 8])eculate on these rather 
different questions. One’s satisfaction with his efforts is enhanced by its 
careful and neat appearance, meticulous production (printer’s errors are 
substantially absent) and reasonable price. Apart from an occasional clumsi¬ 
ness —** Methods of making such adjustment and of allowing for differences 
which may be found to exist which are more statistically acceptable will be 
described later on ’* (p. 57) is hardly a model of elegant prose !—the book is 
written in a simple and clear style that materially assists tho reader to follow 
what is often a very difficult line of thought for those comparatively new to 
the subject. 

A. L. Baohabach. 


Symposium on the Use ol Isotopes in Biology and Medicine. 

[Pp. xiv -f 445, with 11 plates and numerous figures.] (Madison : 
the University of Wisconsin Press, 1048 (second printing, 1949). 
$5.00.) 

This is the printed accoimt of a symposium held at Madison during tho week 
of September 10,1947, on the biological uses of stable and radioactive isotopes. 
The volume has beon reprinted within a year of its first publication and this 
fact speaks well for its i>opularity and general uw^fulness. In the second 
printing the rather large numbers of typographical errors of the first printing 
have been corrected, otherwise the text is unaltered. 

The most distinguished scientists of tho North American continent have 
token part in the symposium, nineteen of whom have ecich contributed a 
corfiprehensive article on some aspect of research with isotopes. Dr. Urey, 
apai^ from his description of tho methods used in the separation of stable 

00 
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iBotopes^ has also contributed, towards the end of the volume, a stimulating 
article on the international aspects of atomic energy and on problems especiaUy 
connected with its control. Farrington Daniels, in the last article in the book, 
discusses the possibilities of peace-time applications of atomic energy. Apart 
from the six more technical papers on the preparation and measurement of 
stable cmd radioactive isotopes by H. C. Urey, S. T. Seaborg, P. 0. Aebersold, 
A. O. Wier, C. D. Coryell and M. D. Kamen, the other articles are concerned 
more strictly with the biological and medical applications of isotopes. In 
these, each contributor reviews the results obtained in a particular held of 
animal metabolism with the aid of isotopes. Tlius, the metabolism of protoins 
is reviewed by l>avid B. Sprinson, the intermediary metabolism of carbo¬ 
hydrates by Harland G. Wood and the intermediary metabolism of lipids by 
Konrad Bloch. Their articles give a clear picture of the present position of 
each problem. 

The articles on metabolic studies with tracers are introduced by a de¬ 
scription of syntheses of some organic compounds labelled with H, N, C and S 
isotopes by Donald D. Melville. 

David M. Greenberg has contributed a discussion on the metabolism of 
mineral elements as studied with radioactive tracers, with particular reference 
to the metabolism of the bone salts in health, in rickets and in healing bone 
fractures. 

The application of radioactive iodine to the study of thyroid metabolism 
is review^ by I. L. Chaikoif and A. Taurog, both of whom have contributed 
much to the subject by their original researches. 

This symposium is distinguished from most of the publications on biological 
applications of isotopes in presenting an extensive discussion on the medical 
uses of radioactive isotopes, and those interested particularly in this aspect of 
isotopes will find the three articles by Joseph Q. Hamilton, Byron E. Hall 
and Saul Hertz of great value. There are but few comprehensive articles of 
such nature available at present. Dr. Hamilton introduces tliis subject by a 
more general article on studies of human physiology and biochemistry. 
Fiuther, he outlines how radioactive tracers can be used advantageously as 
a prelude to therapeutic applications of the radioactive elements. The use 
of P** for the treatment of blood diseewos (polycythasmia vera, leukesmia and 
allied diseases) is rtAriewed by Byron E. Hall, and the treatment of thyroid 
disease with radioactive iodine by Saul Hertz. These articles give a very 
clear picture of what has already been done in this field. Wliile it is too early 
to predict the ultimate results, yet in the case of polycythsemia vera, suffici¬ 
ently large numbers of patients have already been treated with P** to form 
the opinion that the advantages of this form of internal rchdiation therapy 
outweigh the risks involved. 

A further excellent feature of this symposimn is the liberal space allotted 
to the discussion of the health hazards involved in the use of radioactive 
isotopes and of the measures necessary for the protection of personnel and 
property. 

This volume will serve as a useful reference work. The aim of the pub¬ 
lishers was speed in publication and therefore the unattractive form of 
printing and a lack of general index may be excused. 


0. Popjix, 
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Pharmacology and Toxicology of Uranium Compounda. Edited 
by Gael Vobotlin, Ph.D., and Habojld C. Hodob» Ph.D. [Pp. xviii 
-I- 1084, in two parts, with 375 figures, including 13 coloured plates.] 
(New York, Toronto, London; McGraw-Hill Book Co., Inc., 1949. 
85«. not.) 

This volume, one of the United States National Nuclear Energy Series, 
records the results of work carried out during the war, mainly at the University 
of Rochester Medical School. It is presented in seventeen chapters, ecu^h 
contributed by different authors, preceded by a general introduction by one 
of the editors (Dr. Hodge) setting out the salient points and main results of 
the investigation. The work covers the chemistry of uraniiun; analytical 
and statistical methods ; pathological anatomy and characteristics of uranium 
poisoning; toxieity to animals when eidministerod by injection, by feeding, 
by application to skin and eyes, and by inhalation ; distribution and excretion; 
aoq\iired tolerance ; biochemistry of uranium in the animal body ; and studies 
on human exposure to uranium compounds. 

Uranium in the body tends to become oxidised to the hexavalont state, 
and in this form it is an extremely potent kidney poison, causing degenerative 
changes in the tubular epithelium. Of the different routes of entry by far 
the most dangerous, indtistrially, is the respiratory tract. A major problem 
in this investigation was the measurement of the size of uranium dust x)artioles 
in air, upon which the rate of absorption €md therefore the relative toxicity 
so largely depend. An instrument called the cascade impactor,” devised 
in this coimtry for the sampling of coarse aerosols, was redesigned for tise with 
fine uranium dusts. In the cascade impactor air is drawn through a combina¬ 
tion of jets of different dimensions, and impinges upon sampling slides, on 
which the dust particles are collected and their size distribution determined 
under the microscope. A dif^culty here is the smallness of many of tho 
particles, which makes it necessary to use a mounting medium of very high 
refractive index. Selenium has a refractive index of 2*8 and good optical 
clarity. By distilling selenium in a vacuum apparatus and condensing tho 
vapour upon the slide holding the dust particles, these can bo coate<l with a 
perfectly transparent and higlily refractive film which greatly extends tho 
optical resolving power of the microscope. This work on inhalation toxicity 
tended to confim the safety limit, which had been tentatively adopted, of 
0*15 mg. of uranium per cubic meter of factory air, a figure of the same order 
as those now accepted for lead and mercury. 

Other points of particular interest include tho complexing of hexavalent 
uranium with the carboxyl group of proteins and with bicarbonate and citrate, 
and the absence of any reaction with the sulphydryl group; the extreme 
differences in susceptibility of different animal species, which make it difficult 
to assess the safety limits for man ; tho rapidity with which uranium is 
excreted, especially after bicarbonate infusion; and the eventual recovery of 
kidney function after removal of the toxic agent. 

The treatment of tho subject has been very thorough. Nearly 200 workers 
seem to have been actively connected with tho project from its inception in 
1943. They have established our knowledge of the toxicology of vranium 
upon a thoroughly sound basis and have made a most valuable contribution 
to industrial hygiene. 


Q. W. Monibb-Williaxs. 
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PfiXLCSOPHY Am> HISTORY OF SCIENCE 

TIm Tv—dota of N^CMSlty. By J. D. Bbrkal, M.A.» F.R.S, [Pp. xii 
4* 437.] (London : Routledge A Kegan Paul^ Ltd.» 1949, 18«. net.) 

This book collects together some thirty-two essays, written over the last 
twenty years, and arranged in eight groups, each group being provided with 
a short introduction. Tlie drat and last groups expound some of the ruling 
ideas of the book by elaborating the fertile concept of dialectical material¬ 
ism ** (p. x); the other groups are concerned to show how, through such a 
Marxist interpretation, ** the unity of the sciences amongst themselves, and 
their further unity with social processes ** (p. 334) is to be understood, so that 
in the present world-travail there can be discerned '' a new civilisation being 
bom out of the ruins of the old ” (p. xi). 

Professor Bernal makes dvo major points: 

(1) An important transformation of human society is now occurring. 

(2) Modem science '' by its own development ** (p. 360) is no longer an 

** individual,** haphazard ** a£Fair, but demands an economic and 
political organisation. 

(3) Such far-reaching organisation is given by a Marxist interpretation of 

aU events. 

(4) True freedom for the individual is grained when this interpretation 

provides his perspective on the world. 

(5) If everyone so arranges their work and lives there will come a ** far 

better and freer world than we have ever known ’* (p. 90). Unlimited 
progress would be secured (e/. p. 3). 

Let us note, drst, some of the important truths in these contentions: 
Many would agree in condemning the Cartesian separatism, which gave birth 
on the one hand to the dispassionate scientist studying an objective *’ world, 
and on the other hand, with Locke’s help, to the sturdy and isolated individual, 
with which most bourgeoisie political and economic theory is concerned. 
Many would agree that society cannot be given such an individualistic analysis, 
and that ** integral organisation and democratic initiative ** are not irre¬ 
concilable opposites *’ (p. 57). Science, like the Post Office, might well be 
rationally organised without necessarily hindering all initiative (p. 291). 
Many would further agree that the ideally static Cartesian universe must be 
replaced by one in which change and activity is ultimate, where ** process is 
reality ” (</. pp. 370-6). No theist, least of all a Christian theist, would weep 
at the passing of a deistic teleology. And an Incamational religion will 
applaud time and time again Prof. Bernal’s demand for a full and integrated 
life (pp. 150, 151). 

All this means that most readers will not doubt that some radically new 
world-view is required by contemporary science and history alike, but will 
rather ask themselves whether Prof. Bemal’s interpretation, while having 
much to commend it, is ultimately satisfactory and adequate. So let us 
mention certain difficulties that seem to arise. 

The organisation of science is clearly meant to be coterminous with 
political bouxidaries. But the present political divisions lead, then, to some 
puzzles. E.g. while we are urged (p. 313) to have planned utilisation of 
science for peace,** we are on the same page urged, in Great Britain, not to 
rely on foreign subsidies,’* but only on ** full scale application of science.” 
But surely science must be organised beyond ncUional boundaries 7 Or does 
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Prof. Bemar* qualification arise because he sees no hope in organising seienoe 
V)t9lward$ t Yet, without world organisation of science, will there be world 
peace T If our Marxist perspective seems in fact to have no likelihood of 
becoming univeraalf why should we suppose it to lead to world organisation 
and peace T Either it demands world domination or it is as much a piece of 
wishful mysticism as Prof. Bernal attributes to some of his fellow-scientists. 

Again, what of the “ freedom of necessity ** T To serve God may bo 
claimed to be perfect freedom, because we may suppose the organised com* 
munity to exist within the perspective of God's mind. By the same sort 
of requirement. Prof. Bernal sees that, on his view, it must be possible, if 
ignorance is slavery, for aU who are free to have a fully extended perspective 
(see (3) and (4) above). But in fact is this possible ? Prof. Bernal is rash 
enough to believe it is. ** Once rid of vested interest in ignorance, it is per¬ 
fectly possible, at any time, to provide a general picture ** (p. 26). For 
professors 7 For tmdorgraduates 7 For the workers "7 I wish I could 
be so optimistic. Further, whether the unlimited progress (see (5) above) is 
by the conscious efforts of “ free ** agents (who never seem to exist till pro¬ 
gress is finished) or by individuals yielding themselves to an impersonal 
dialectic evolution (a metaphysical “myth “ if any is) is a puzzle which 
Prof. Bernal does not even begin to solve. 

Prof. Bernal thinks his greatest enemies to be religion and “ mystical ** 
science. Certain interpretations of religion and popular science may be 
enemies for all of us. But does this exclude the possibility that we may yet 
justify a metaphysical use of words which is not superstitious. Even Prof. 
Bernal, as we have seen, is not free from metaphysical concepts of Hegelian 
portentousness—his Marxian analysis is offorod as an explanation, not just 
as a tentative and summary description, e.g. p. 380. Why should we not 
look, then, for a metaphysics which would give iis a world-perspective, a 
verbal map, both empirical and speculative (a “ theory in the sense admir¬ 
ably summarised on pp. 97, 98) 7 Such a theory would have to do justice to 
the complexities of human nature, scientific method, political and economic 
theory, wliich Marxism, no less than Descartes, over-simplifies. If it could 
possess the truths for which Prof. Bernal contends, aU the better ; if it could 
not, all the worse for it. 

For if tills book contains prejudices, exaggerations, political curiosities and 
some philosophical shaUowness, it also contains a critical insight, a comprehen¬ 
sive vision and a prophetic urgency. Prof. Bernal would rid us of outworn 
doctrines of religion and science alike, and those who disagree with his alterna¬ 
tive must produce another, and quickly. To read this book sympathetically 
is a most useful prolegomena for the task. 

I. T. R. 

The Origine of Modern Science, 1300-1800. By H. Buttsbiibxd, 

M.A. [Pp. X4-217.] (London; G. Bell & Sons, Ltd., 1949. 

10s. 6d. net.) 

Prov. Butterfield's book is a commentary on the movement which he 
regards as the distinctive feature of modem history. The book is made up of 
two main strands, one being the study of those scientific dassios which have 
traaisfcmned Western scientific ideas, and the other, discussion of the effects 
of the movement thus brought about on the thinking of Europe. These two 
themes are naturally not taken in complete separation, though in Chapters 
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9 «ad 10» dealing with the traneition to the Phtioaophea movement, and the 
place of the ecientiflo revolution in the history of Western civilisation, the 
historian stands aside from the work of discussing and expounding soientifio 
thought, and considers its influence in general. 

What makes this book original and of quite first-rate importance is perhaps 
not so much this study of the wider influence of the scientific ideas (momentous 
though this influence was), but rather the exposition by a historian, who yet 
fully grasps the scientific principles involved, of Copernicus, De RevoliUionibtia 
Orbiumf of Gilbert, De Mctgnete^ of Harvey, De Motu Cordis, of Descartes, 
Diseotirse on Method, of Newton, Principia, and of Boyle, The Sceptical 
Ohymisi. In this scries of great books. Prof. Butterfield sees the growth of 
modem science happening, and imlike most of the historians of science 
studies this growth at first hand in them. He does indeed more than that. 
There is, for instance, a brief, but most illuminating, account of the relation 
of Harvey’s work to that of his Paduan predecessors. But the core of the 
book lies in its analysis of the scientific ideas of these giants. 

No two views of the ideas that are the key to modem history would 
coincide. It might be argued that we shotild take the survey back to the 
twelfth century, and consider the growth of the Universities, and in particular 
the beginnings of nonconformist speculation, if we wish to trace its real origins. 
Prof. Butterfield is indeed at his best in explaining the Aristotelean and 
medieval theories of movement. But the things which made these theories 
possible were, in the first place, the development of a thinking society—no 
period is so intellectual as the later Middle Ages—^with the expression of that 
development in the founding of the Universities, and secondly the recovery of 
some of Aristotle’s work. At the other end of the story, we should dearly 
have liked a chapter on Darwin. The unification ” of physics is studied 
with the discoveries of Newton : the \inification of chemistry with Lavoisier : 
perhaps most important of aU has been the attempt to unify the picture in 
biology made by Darwin, and Prof. Butterfield’s lectures lead up to this 
attempt, but end before it. We now seem to have reached yet another stage, 
when the validity of those systems of unification is necessarily questioned; 
and the problem of the present is to consider how far their schemes can still 
be sustained. But that clearly is another matter—a matter not for the 
historian, but for the prophet. 

Walter Oakbshott. 

A New Survey of Science, By Walter Shepherd. [Pp. 012, with 
256 figures, including 35 plates.] (London: George G. Harrap A Co., 
Ltd., 1949. 15s. net.) 

This is a revised and enlarged edition of the author's book Science Marches On, 
published ten years ago. It is suited to the general reader, and it presents an 
account of the growth, present attainments and ideals of science, conceived 
as a single human activity. Stress is laid upon the many factors, intuitional, 
esthetic and purposive, which play a part in the acquisition of scientific 
knowledge. 

It is difficult to do justice to the wealth of information which the book 
contains, much of it only recently acqixired and not yet easily accessible, 
Bach chapter carries the story of some branch of the subject from the primitive 
stage to the latest developments. Tracing first the growth of writing and 
prititiag, the author deals next with the quest for the control of heat. He 
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then devotee severed chapters to the discovery suid utilisation of the mineral 
and chemical resources of the Earth, the exploration of its crust and atmo¬ 
sphere, and the revelation of its past history. From geology we pass to 
speculations on the origin and nature of life, to evolution and the curiosities 
of experimental genetics, and so to the working of the human machine in 
health and disease. A chapter on the Fascination of Figures introduces the 
st'cond half of the book, which deals more conventionally with the pure 
physical sciences and with thoir teclinical applications to the control of 
materials and of forces. The roles of classification and of measurement in 
the creation of science are discussed under the heading of Pigeon-Holes of 
Knowledge, and there are chapters on Weather Wisdom and the Science of 
Mind, li^e book ends upon a rather unusual note with a discussion of the 
new fields of speculation opened up tlirough psychical research. 

The original edition of the book has been well revised, but there are several 
small points which might bo noted for future correction. In Tycho Brahe’s 
cosmology (p. 313), the Earth was conceived as entirely motionless ; FrasccUor 
(p. 205) would bo more correctly spelt Fracastor; and the date of Chester 
More Hall’s invention of the ocluomatic lens was about 1733 (p. 287). 

A. A. 


MISCELLANEOUS 

The Principles of Scientific Research. By Paul Fbbbdkak, B.Sc., 
M.I.E.E., F.I.E.S. (Pp. 222, with 11 figures.] (London : Macdonald 
& Co., Ltd., 1949. 15tf. not.) 

This book is intended to help young graduates in thoir early struggles to 
leam how to carry out research. In a brief but admirable forewoi^. Dr. 
J, W. T. Walsh points out the need for such a book. Some students “ are 
likely to fall into the tragic error of assuming that if they obtain good honours 
degrees they arc, ipso facto, well qualified for a career as a research worker ” 
and even feel that they will have little more to learn. Moreover, an increasing 
number of people, in Industry and Government Departments, while not 
trained for or engaged in scientific research, have control over scientists, and 
they little realise how fatally easy it is for them to paralyse the efforts of 
even the best scientists under them. 

Mr. Freedman endeavours in the first three chapters to define the terms 
“ science ” and “ research ” by showing how the principles which now form 
the basis of scientific method have evolved since Thales of Miletus. Though 
interesting, this part of the book is the least satisfactory and it contains some 
views on the work of some early scientists with which few of us would agree. 
Many readers would bo bettor stimulated by a more concise exposition of the 
aims and methods of scientific research, with references to other books which 
those interested might consult with profit. (It is a criticism of the book as 
a whole that there is practically no bibliography.) Those throe chapters do 
show, however, the interaction between a scientist and the society in which 
he lives. 

The remaining eight chapters are oonoemed with the mental approach 
of a scientist, the planning and organisation of research, the general condi¬ 
tions for experimentation, accuracy and economy of effort (including the use 
of statistical methods), and the patrons of research. As a whole, the book 
deals with research and development in the physical and chemical sciences 
in Industry, since the author very properly draws mainly on his own 
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experienoei but many of Mr. Froedman's preoepta and romarkt apply equally 
well to research in Research Associatioiis* Oovemment Establishments and in 
Universities. Very few experienoed scientists will quarrel with the advice 
given to young recruits and executives, and by no means all of them would 
have given such advice so clearly and convincingly. Mr. Freedman is at his 
best when basing his arguments and examples on his own experience» and it is 
enjoyable as well as instructive to read these sections of the book. 

F. A. V. 


Scianoa in Ubaratad Europa. By J. G. Gbowthxb. [Pp. 336.] 
(London: the Pilot Press, Ltd., 1349. 18s. net.) 

This book is based upon visits to Franco, Denmark, Holland and Czecho¬ 
slovakia in 1946. Its contents fall broadly into three categories ; (o) notes on 
University departments and other scientific institutions, the personalities 
in them, and their experiences under German occupation, (6) accounts of 
scientific work done by numerous scientists, and (c) accounts of the organisa¬ 
tion of scientific work and of scientists in the four countries. 

The unfortunate consequences of the post-war delays in book production 
are nowhere more evident than in this book, which is essentially topical, but, 
making full allowance for this, it must be said at once that the book does 
nothing to enhance the author’s reputation. It is divided into four parts 
dealing with the four countries, and the sub-division (except of the French 
part) is also mainly geographical, but the individual chapters are nearly form¬ 
less and give the impression of being taken almost verbatim from the author’s 
original notes. Thus, although the book contains much interesting informa¬ 
tion, there is a good deal of tedious repetition (e,g, the continued restatement 
by successive French scientists of the need for more financial support for 
scientific work), some contradictions, and no attempt at synthesis. 

The descriptions of scientific work have naturally suffered most by the 
lapse of three years between writing and printing, since nearly all of it has 
now been described in the scientific journals, but in any case the desirability 
of putting journalistic accounts of current scientific work into permanent book 
form is questionable ; apart from any other consideration, the record of cm 
opinion about an unfinished research given in conversation (especially with a 
non-scientist having a different mother-tongue) may differ substantially from 
the scientist’s considered judgment on the finished work, and may do him 
serious injustice* 

The author appears to have gained his knowledge of the conditions of life 
in German-occupied territory and of resistance emtivities almost entirely from 
the interviews recorded in this book and to have lost his sense of proportion 
at the same time, so that he writes with an uncritical naSvet4 which is some¬ 
times almost ludicrous. To emphasise these shortcomings, bis style, while 
sometimes pedantio (**They (Ddtoa and Mendel) were both oeUbates and 
autodidacta ”), and sometimes fifth-form (^’Culture is not just Greek and 
Latin—it includes history, tradition and science ”), is seldom pleasing, and 
the proof-reading has be^ p^unotory. Remembering the author’s earlier 
books one is tempted to suggest that the literary researcher of the future wiU 
have more reason than the celebrated German student of Homer to take the 
view that this book was written not by J* G. Crowther but by another man 
of the same name. 


£. Q. Cox. 
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Th'B composition of the Earth’s athiosphere in its lower levels at 
the present time, according to Paneth, is as follows: 


CoMFOsxnoN or Aticospuicais {after Panath) 


Amount 
(cam B.P.T.). 



Except for the dissociation of oxygen, which b^;ins at a h^j(^ 
of about 80 km., the composition of dry air must be the same up 
tcf-.heights of 100 km. or more, turbtdence and convection ourvaota 
keeping the atmosphere well mixed. At greater heights 
. separation of the molecules aocordij^ to molecular 
conimenoe, but the height at which complete difhisic^ 
librium is attuned is not known. Between 100 km. and ^ ki^ 
jb^^lgliLt, osTgen bepomes completely; and nitrogen partly.diseoidMs^#, 
'tot the wnges in composition are not liltoy to be 

|^.rb^i»n iio beoune the domuumt ocmstituentek 
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In the outermost region of the'atmosphere atomic ooUkimu 
become infrequent; above a certain critical level the atoms spend 
most of the time in free flight. Atoms soar up into this xegion, 
move freely under the action of gravitation and, for the most part, 
fall down again into the denser layers without undergoing a collision. 
Spiizor has estimaterl the height of this critical level to be some¬ 
where between 500 and 1000 km. The distribution of the atoms 
in the region above the critical level is close to that in an isothermal 
gas with temperature equal to that at the critical level, and a state 
of almost complete diffusion equilibrium is attained. Various 
arguments suggest that the temperature at the critical level is at 
least 500° K. and may bo as high os 1500° K. Tlie mean free 
path is BO great that particles with sufiicient energy are able to 
escape from the atmosphere. The tendency to escape is greater 
the lighter the atom, because, in consequence of the equipartition 
of energy, the lighter the atom the greater the mean velocity. 

For an isothermal atmosphere the time of escape (the time in 
which the density would fall to 1 /c of its value) for any particular 
gas is given, accordmg to the calculations of Jeans, by 

2g^a 

where C is tlie root mean-square velocity for the particular gas, 
a is the radius of the Earth, g the surface gravity. 

Spitzer has pointed out that a correcting factor is required to 
this formula. It is based on the assumption that the atmosphere 
is in isothermal equilibrium. In the escape region there is isothermal 
equilibrium corresponding to the temperature at the critical level, 
but the temperature of the lower atmosphere is much lower than 
the temperature at the critical level; the density at the lower 
heights is consequently much greater than the corresponding density 
in the hypothetical isothermal atmosphere. The actual total 
atmospheric mass is therefore much greater than the mass of an 
isothermal atmosphere with the temperature of the oritioal level. 
The time of escape is correspondingly much increased. Spitzer has 
computed the correcting factor and finds a value of about 5 x 10^ 
for hydrogen and helium and somewhat smaller values, depending 
upon the critical temperature, for other gases. For different 
assumed values of the temperature at the critical layer he has 
computed the times of escape for hydrogen, helium, nitrogen, and 
oxygen, as in the table opposite. 

For any appreciable amount of helium to escape during the 
lifetime of the Earth, the temperature at the critical level must 
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be About IffOO** K. The temperature could normally have a lover 
value if it is oonsiderably raised at times when the ultra-violet 
emission of the Sun is greatly increased, during the occurrence of 
bright eruptions on the Sim. A temperature at the critical level 
of 2000“ K. for 2 per cent, of the time and of 500“ K. at normal 
times would be adequate to account for the escape of helium from 
the Earth. 


Tihe oe Escape in Years 



600'* K. 

1000** K. 

2000“ K. 

H . . 

2-4 X 10’ 

3-6 X 10^ 

1-8 X 10» 

Ho . . 

4-2 X 10« 

4 0 X 10’» 

2-4 X 10’ 

N . . 

10»* 

10« 

3-9 X 10“ 

0 . 

IQtO® 

10^1 

10 X 10“ 

_ 


The supply of helium is being continually added to by the 
weathering of the igneous rocks of the Earth’s crust, which contain 
uranium and thorium and, consequently, helium also. The amount 
of helium that has been added to the atmosphere during geological 
times as the result of the weathering of the igneous rocks is many 
times greater than the amount which it now contains. There is 
thus direct observational evidence that helium has been lost from 
the atmosphere during geological times. It is not possible, however, 
to base any conclusions about the temperature of the critical level 
on this fact, for there is another process by which the escape of 
helium can be brought about. It is well known that the night sky 
is faintly luminous and that in its spectrum the characteristic green 
auroral Hnes, as well as the two red hnes, are present. These lines 
are emitted by oxygen atoms that are in a metastable state. An 
atom in such a state has only a slight tendency to unload its energy 
and may exist for a second or longer before emitting its energy 
in the form of radiation, whereas an atom, when excited or loaded 
up with energy, usually unloads it, with the emission of radiation, 
within a time of about 10“ • seconds. There is a high probability 
that an atom in the metastable state, just below the critical level, 
will come into collision with another atom before it can emit its 
energy. When a collision occurs, the energy of the metastable 
atom is converted into kinetic energy, with the result that the atoms 
rebound with greatly increased sp^s. By collision with a meta* 
stable oxygen atom, an atom of helium can acquire a speed of more 
than 12 km./sec., which is greater than the velocity of escape; 
if it rebounds into the region above the critical level it will escape. 
Hydrogen atoms will acquire a still higher speed, but heavier atoms, 



80IBN0S! PBOaBBSS 


sttoh as those of OTcygm and nitrogen, could not by this process 
aoqoire sufficient speeds to escape. The loss of hydrogen and 
helium from the Earth’s atmosphere at the present time can be 
partly accounted for in this way. 

Nitrogen, oxygen, and all heavier gases cannot escape to any 
appreciable extent, on any reasonable hypothesis of the temperature 
at the critical level, in a period equal to the lifetime of the Earth. 
It might consequently be supiwsed that the oxygon and nitrogen 
in the Earth’s atmosphere are the remnants of a primitive atmo¬ 
sphere, from which hydrogen and helium, if initially present, have 
been lost. The inert rare gases provide information which enables 
this supposition to be checked; they form no compounds and it 
is possible to assign with some accuracy upper limits to the amounts 
contained in the Earth, which can be compared with their cosmic 
abundances. 

When the metals are considered, it is found that thoso metals 
which are most abundant in the Earth are those which are also 
found to be the most abundant in the Sun ; those which are rare 
in the Earth—such as lithium, beryllium, scandium, gallium, and 
indium—^aro found to be rare also in the Sun. The relative abund¬ 
ances of the different metals in the Earth prove to bo in such close 
agreement with their relative abimdances in the Sun that it is not 
possible to say with certainty that any particular metallic element 
is relatively more or less abundant in the Earth than in the Sun. 
When the compositions of the stars are investigated, it is likewise 
found that there is a close similarity in composition between the 
Sun and the stars. It may be supposed either that the stars, 
including the Sun and its family of planets, havo all been formed 
from the same primaeval material or that a common process of 
atom building has taken place throughout the Universo, resulting 
in the same relative proportions of different atoms in its various 
parts. 

Turning from the metals to the non-metals, there is a general 
similarity between the compositions of the Sun and of the stars, 
but this similarity does not extend to the Earth. The cosmic 
abundance of hydrogen greatly exceeds that of any other element, 
helium being the next most abundant element. For every 1000 
atoms of hydrogen, there are about 100 atoms of helium, while 
the total number for all the other elements, both metals and non- 
metals, is only about two. The great preponderance of hydrogen 
and helium throughout the Universe does not extend to the Earth. 
It is not surprising that for those two elements there should be 
such a''difference between their cosmic and terrestrial abundances, 



THE EVOLUTION OF THE EARTH’S ATMOSPHERE 421 

for, as we have already seen, it is to be expected that these light 
gases will, in the course of geological time, have largely escaped 
from the Earth. What is surprising, however, is to find that there 
are also very largo discordances between the cosmical and terrestrial 
abundances of all the inert gases, noon, argon, krypton, and xenon. 

Data bearing on the terrestrial abundances of the inert gases 
are provided by Paneth’s determinations of the amount of each of 
these gases in the atmosphere, by Lord Rayleigh’s determinations 
of the noon and argon contents of various rocks, and by the measure¬ 
ments by Cady and Cady of the helium, neon, argon, and the 
krypton and xenon contents of a number of natural gases. The 
three lines of investigation give results which are mutually in good 
agroomont. From the combination of all the data a minimum 
estimate of the rare gas content of the Earth can be obtained by 
considering the amounts in the atmosphere alone, leaving amounts 
contained in the rocks entirely out of consideration; an over¬ 
estimate can bo obtained on the assumption that the entire mass 
of the Earth contains the same rare gas content per unit mass as 
the surface roclcs, and by adding to the amount so obtained the rare 
gas content of the atmosphere. It is convenient, in the considera¬ 
tion of the relative abundances, to use the values relative to silicon, 
which is a major component of the Earth, and which enables the 
terrestrial abundances to bo related to the cosmic abundances. 
Harrison Brown has given the following estimates of the maximum 
and minimum amounts of the rare gases in the Earth, and of their 
atomic ratios to silicon (based on an estimated silicon content of 
the Earth os a whole of 8*4 x 10*® gm.) : 


Minimuai and Maximum Estimatks of Tkhkkktiual Amounts of Rare Gases 



TotjU Wolglit (gin.). 

At^omio Ratio to Silicou 
(by niimtiers). 

Gas. 



— 



Minimum. 

Maximum. 

Minimum. 

Maximum. 

No 

«-7 X 

4-9 X 1017 

11 X 10'1® 

8*1 X 10-1® 

A . i 

«•« X 10*’ 

3 0 X 10*0 

5 f» X 10-» 

2-6 X 10-» 

Kr 

1-5 X 10>* 

M X 10” 

(? 0 X 10-ia 

4-4 X 10 11 

Xo 

1!) X 10>“ 

1-4 X I0>* 

4-9 X 10 

3 0 X 10-1* 


The cosmic abundances of different elements have been compiled 
by Goldsclunidt. The data for the rare gases are not very precise, 
but there are regularities between the abundances and the mass 
numbers which make it possible to interpolate the abundances of 
the rare gas isotopes with some precision. In this way the cosmic 
abundances for the Ne 21, A 36, Kr 83, and Xe 131 isotopes were 
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derived. Expressed in terms of atoms per 10,000 atoms of silioon 
the estimated abundances were as follows: 

Estimated Cosmic Abundances of Certain Rare Gas Xsotofbs 
A tooM Mr Atoms per 


Isotope. 10,000 81. Isotope. 10,000 81. 

Ne2l.100 Kr83.01 

A 36 1000 Xo 131 0*004 


With the aid of data for relative isotopic abundances provided 
by mass spectrograph measurements, the above data for particular 
isotopes can be used to give the total abundance. In the case of 
argon, however, only the isotope 36 was used; the bulk of the 
isotope 40 of argon has probably been produced by the decay of 
the radioactive isotope 40 of potassium; the isotope 36 of argon 
is not produced by radioactive decay. 

The following abundances of the rare gases relative to silioon 
were derived by Harrison Brown in this way: 

Estimated Cosmic Adumdamcbs or the Rare Gases 


AtomM per Aiomt per 

tiM 10.000 81. Om. 10,000 81. 

Nfl. 37,000 Kr.0*87 

A (36) .... 1,000 Xe.0 016 


The marked discordance between the cosmic abundances of the 
rare gases relative to silicon and the maximum terrestrial relative 
abundances given above will be noted. The ratio between the 
cosmic abundance ratio and the terrestrial abundance ratio is 
termed the fractionation factor by Harrison Brown, denoting 
the extent to which the rare gases were fractionated from silicon 
during the process of Earth formation. The maximum and 
minimum fractionation factors are as follows : 


Element. 

Atomic Weight. 

Fractionation Fat'tor. 

Neon 

?0 

3.10>»- 6.10» 

Ar^on .... 

40 

6.10* ^1*6.10* 

Krypton 

83 

1-5.10» 2.10* 

Xenon .... 

130 

3.10«- 4.10» 

.. . 

_' 

_ _ 


Thus even in the case of a gas as heavy as xenon, the present 
terrestrial abundance is less than 0*001 per cent, of its cosmic 
abundance. 

Bearing in mind the range of atomic weights, it follows that, 
in the process of Earth formation, no appreciable fraction has been 
retained of any substance which then existed primarily in the 
gaseous state. The only possible conclusion firom the comparison 
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between the ooemic and terrestrial abundances is that the Earth 
must have lost its primitive atmosphere almost completely. 

The upper and lower Umits for the fractionation factors of the 
inert gases form smooth curves when plotted against atomic weight. 
It is possible by interpolation to infer the fractionation factors for 
the principal constituents of the Earth’s present atmosphere and, 
on the basis of the observed cosmic abundances of these constituents 
relative to silicon, to compare the amount of each that is now 
contained in the atmosphere with the amount that would bo ex¬ 
pected in relation to the present amount of the rare gases. The 
data have been given by Harrison Brown. 

The inferred maximum and minimum fractionation factors are 
as follows : 

Water.I. lO^-i. lOi® 

Nitrogen . . . . . . 3.10* 0.10* 

Oxygon.1-6.10* ~3.10* 

Carbon dioxido ...... 2-5. 10*-6.10’. 

The cosmic abundance ratio of oxygen to silicon is about 4 ♦ 
If half of the oxygen initially present in the Earth is assumed to 
have combined with metallic elements and the other half to have 
combined with hydrogen to form water, the initial ratio of water 
to silicon would be about 2. The maximum water to silicon ratio 
at the present time should then be only 2 x 10“ But the amount 
of water on the Earth’s surface amounts to 280 kg. per square cm., 
frx>m which it can be inferred that the actual water to silicon ratio 
is greater than 2*7 x 10“*. It follows that there is not less than 
10^ times more water on the Earth’s surface than would bo exfiected. 

In the case of nitrogen the cosmic abundance ratio to silicon 
is about 1*5. On the basis of the minimum fractionation factor 
of 6 X 10", the maximum nitrogen to silicon ratio at the present 
time should bo only 2 5 x 10 •. In the atmosphere alone there 
are 755 gm. of nitrogen per sq. cm. of surface. Lord Rayleigh’s 
investigations of the nitrogen content of igneous rocks led him to 
the conclusion that the total amount of nitrogen occluded in these 
rooks is about 50 times the total amount in the atmosphere, without 
allowing for possible nitrogen compounds in the central core. It 
follows that for the entire earth the ratio of nitrogen to silicon is 
greater than 4*5 x 10“^, which is greater by a factor of about“ 
180,000 than that to be expected. 

The amount of carbon dioxide in the free state in the atmosphere 
and dissolved in sea water is about 20 gm. per sq. cm. The “ fossil ” 

* More recent data indicate a ratio of about 12, but the argimicnt ia 
subBta3|\tially unaffected. 
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carbon dioxide in coal, bitumen, humus, and in the carbonates of 
sedimentary rocks is, according to Goldschmidt, about 400 tiroes 
greater than the amount in the atmosphere and the oceans. It 
follows that the present ratio of carbon to silicon is at least 4 x 10“ •. 
The cosmic abundances of carbon and of nitrogen are about equal. 
The minimum fractionation ratio for carbon dioxide is 6 x 10^ and, 
if it is assumed that all carbon was originally in the form of carbon 
dioxide, the maximum carbon to silicon ratio on the earth should 
be 3 X 10~* ; this ratio is likely to be a gross overestimate. The 
amount at present is some 1300 times greater than this maximum. 

For oxygen the minimum fraetionation factor is 3.10*. If half 
the oxygen in the material from which the earth was formed were 
free oxygen (which is highly improbable and likely to be a con¬ 
siderable overestimate), the ratio of oxygen gas to silicon should 
not be greater than 7.10“*. In the atmosphere alone there are 
230 gm. of oxygen per sq. cm. of surface. Ijeaving out of con¬ 
sideration the oxygen fossilised in bituminous deposits and car¬ 
bonates, the ratio of oxygen gas to silicon at present is greater than 
2-4 X 10“*, which is 340 times greater than the maximum expected 
amount. 

The conclusion from this discussion is that the amounts of the 
major constituents—^wator, nitrogen, oxygen, and carbon dioxide— 
now present in the atmosphere and in the oceans (regarding them 
as having been condensed from the atmosphere) are far in excess 
of the amounts that would bo expected in relation to the amounts 
of the rare gases remaming in the atmosphere and to the respective 
cosmic abundances. These constituents of the earth’s present 
atmosphere cannot be the remnants of its primitive atmosphere. 
The present atmosphere must bo of secondary origin ; these sub¬ 
stances, or their constituent elements, must have been retained in 
chemical combination instead of in a free state, and must have 
been released as the result of chemical processes subsequent to the 
loss of the initial atmosphere and the formation of a solid crust. 
The Earth must have lost its primitive atmosphere almost entirely 
during the process of earth formation and must subsequently have 
produced a new atmosphere. 

Some inferences about the atmosphere during geological time 
are possible. Chamberlin has pointed out that unmistakable evid¬ 
ences of glaciation have been found in very old Archssan rooks. 
Unless the Sun’s output of radiation was appreciably less than at 
present, it seems impossible that glaciation could have occurred at 
a time when the Earth still had a dense atmosphere, containing 
much carbon dioxide; this gas exerts a very strong greenhouse 
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which increases not only with the amount of carbon dioxide 
through which the radiation passes, but also with the total pressure 
of the gaseous atmosphere. The dense envelope of carbon dioxide 
had therefore most probably Ix'on lost before the earliest geological 
times. During geological times, widespread glaciation and ice ages 
have alternated with warm periods. It was during these warmer 
periods that the limestone deposits were formed beneath the oceans 
from the bodies of small marine organisms and that, in later ages, 
the coal measures were formed. The largo quantities of carbon 
dioxide required to form these carbonate and carbonaceous deposits 
must have l)een supplied to the atmosphere gradually and pro¬ 
gressively after the primitive atmosphere had been lost. 

Free oxygen must also have been present in considerable amounts 
in the atmosphere from the earliest geological times, because iron 
ores in the fully oxidised feme state are found in many of the oldest 
Aroheean rocks. Furthermore, fossils of animals are found in the 
earliest water-laid sediments, with an age of about 500 million 
years ; some of these are of types so similar to some of the present- 
day forms as to suggest that living conditions in those early times 
could not have been greatly different from what they are today. 
Chamberlin has stated that “ the early Cambrian trilobites and 
other forms are so completely organised that zoologists believe 
that more than three-quarters of the total evolution of the animal 
kingdom from the single-cell stage to the highest present types had 
already taken place before the (vambrian, and of this the rocics 
have told us next to nothing.” Ho concludes that, throughout 
geological time, the Earth’s atmosphere has contained plenty of 
oxygen and not too much carbon dioxide, and that the climatic 
and atmosphorio conditions have not changed progi^essively. There 
has been a rhythmic altemiition of conditions, corresponding to the 
succession of geological periods. 

The beginning of a typical geological period follows the crumpling 
of the crust and extensive mountain formation ; the continental 
areas stand high and there are extremes of climate. Much rock 
surface is exposed to glaciation. A portion of the atmospheric 
carbon dioxide then dissolves in the cooler ocean waters : its green¬ 
house effect is reduced, and glaciation may occur. The high lands 
are in the course of time gradually worn down by erosion, solid 
material Is deposited beneath the oceans, forming sedimentary 
deposits, the ocean level rises, and the lower continental areas are 
flooded. Climates become less extreme ; they are relatively uniform 
and warm. This phase is characterised by the formation of lime¬ 
stone by lime-seoreting organisms, parbon dioxide being liberated 
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in the process, some of which is given ofF to the ^tmosph^re* This 
in turn results in increased carbonisation of calcium-bearing igneous 
rocks on land, carbon dioxide being taken from the atmosphere. 
The growth of the sedimentary deposits eventually upsets the crustal 
equilibrium and a new period of mountain building results, the 
cycle beginning again. The geological cycle is more complex than 
suggested hero and is less uniform. The essential point is that it 
has involved a balancing of opposing factors, with sometimes one, 
sometimes the other, prevailing. The composition of the atmosphere 
has most probably fluctuated with these alternations in conditions, 
but it is not to be supposed that the changes have been consider¬ 
able. But if, as we conclude, the Earth has formed a new atmo¬ 
sphere since the loss of its primitive atmosphere, where have the 
oxygen, nitrogen, carbon dioxide, and water vapour, which form 
its principal constituents and the oceans, come from ? Chamberlin 
considers that they have been produced by extensive volcanic 
action. He points out that the total volume of the lava flows 
which have reached the Earth’s surface, through volcanic and 
fissure eruptions, in the course of geological time is enormous, and 
that the intrusions which have solidified not far below the surface 
are still greater. The extruded magmas have brought with them 
from the depths great quantities of dissolved gases, many of which 
are liberated as the pressure is reduced, though a portion is retained 
on solidification. By far the most abundant of the volcanic gases 
is water vapour, next in abundance being carbon dioxide. 

There is no means of estimating how much water vapour has 
been discharged into the atmosphere by volcanic action in the 
course of geological time. But in the case of carbon dioxide Gold¬ 
schmidt has shown, as already mentioned, that the sedimentary 
rocks and coal measures contain about 400 times the amount of 
carbon dioxide now in the atmosphere. It is supposed that, as 
the carbon dioxide was progi-essivoly added to the atmosphere by 
volcanic action, some of it dissolved in the oceans, which in turn 
lost it through the formation of the limestone sedimentary deposits. 

The problem of atmospherio oxygen is more difficult. Volcanoes 
do not emit free oxygen. Any free oxygen that might be present 
in the volcanic gases would at once be used up in oxidising the 
ferrous iron in the hot lava; in fact, some of the steam in 
the gases is broken up in the presence of the hot ferrous oxide, the 
oxygen being used in the formation of ferric oxide and free hydrogen 
b^g emitted with the volcanic gases. The uncombined oxygbn 
in the air cannot have been produced by volcanic action. It is 
a matter for some surprise that the Earth’s atmosphere contains 
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fio great a proportion of free oxygen because, oxygen being an 
element that is chemically very Sictive, processes are in continual 
operation which are depleting the store of oxygen in the atmosphere. 
One of the principal processes is the weathering of the igneous 
rocks to form sedimentary deposits. The iron in the igneous 
rooks is not completely oxidised, as the general greyish hues of 
these rocks indicates. In the process of weathering, much of the 
ferrous oxide is oxidised into forri(5 oxide, giving the brown or red 
tints of the weathered deposits. The amount of oxygen that has 
been withdrawn in this way from the atmosphere during geological 
time and permanently buried is very considerable. Goldschmidt 
has estimated that it is at least as much, and possibly twice as 
much, as all that now remains in the atmosphere. It is clear that 
some process must be at work which replenishes the oxygen in the 
atmosphere. 

There is little doubt that the vegetation over the Earth’s surface 
provides the means for this replenishment, through the process of 
photosynthesis. Plants absorb carbon dioxide from the atmosphere 
and use the energy from sunlight to decompose it, the chlorophyll 
in the plant cells acting as the energy transformer; the carbon is 
used to build up the plant cells and the oxygen is returned to the 
atmosphere. When, conversely, vegetable matter and other organic 
materials decay, oxygen is absorbed and carbon dioxide is liberated. 
This carbon dioxide is again available for building up plant cells. 
Whenever organic matter is buried, as in coal measures and oil 
deposits, so that it cannot be oxidised, there is a net gain of oxygen 
to the atmosphere. If the present abundance of oxygen has been 
provided in this way, there should be enough organic matter buried 
in the sedimentary rocks to use up all the free oxygen in the atmo¬ 
sphere, if it could bo uncovered and burned. Goldschmidt has 
estimated the “ fossil ’’ oxygon, under two different assumptions, 
to amount to 0-266 and 0*644 kg. per cm.® of the Earth s surface ; 
the present amount of oxygen in the atmosphere is 0*230 kg. per cm.* 
of the Earth’s surface and the amount dissolved in the sea is 
0*002 kg. per cm.* If the total amount of oxygen, both free in 
the atmosphere and fossilised in the rocks, had been formed from 
carbon dioxide tlirough photosynthesis by plants, the amount of 
carbon required per sq. cm. of the Earth’s surface is, on the two 
assumptions, 0*183 and 0*291 kg. The amount of carbon in the 
sedimentary rocks and bituminous deposits is more than adequate 
for this requirement. The geological evidence is therefore con¬ 
sistent with the hypothesis that the present oxygen content of 
the atmosphere has been produced by photosynthesis in plants. 
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The atmosphere of Venus provides a striking contrast to that 
of the Earth. It contains a considerable amount of carbon dioxide, 
estimated to be equivalent to a thickness of two miles at standard 
pressure and temperature, but observations have failed to detect 
either oxygen or water vapour, though they are sufficiently sensitive 
to detect amounts of only one-thousandth of the amounts in the 
Earth’s atmosphere. It is certain that Venus is an arid world; 
its surface is largely desert and the haziness of its atmosphere is 
due to dust, which is swirled up by the vigorous atmospheric circu¬ 
lation, intensified because of the high temperature resulting from 
the greenhouse effect of the carbon dioxide. Under such conditions, 
it is not to be expected that there could be any vegetation on 
Venus ; there are no plants to produce oxygen through the medium 
of photosynthesis and the absence of oxygen from its atmosphere 
is not, therefore, surprising. 

Ijord Rayleigh showed that the nitrogen content of igneous rocks 
is remarkably constant in amount for all types of such rooks— 
from ultrabasic to acidic—and he estimated that the total amount 
of occluded nitrogen was about fifty times the amount in the 
atmosphere. The volcanic magmas must bring out some nitrogen 
(partly, possibly, in combination with hydrogen as ammonia) into 
the atmosphere, though the amount is much less than the amount 
of carbon dioxide. Any ammonia would bo broken up by photo¬ 
chemical action of sunlight. A portion of this nitrogen added to 
the atmosphere by volcanic action will be lost from it to nitrates 
and other nitrogenous deposits, but it is estimated that the amount 
so lost will bo only about 10 per cent. The bulk of the nitrogen, 
a relatively inert gas, has remained in the atmosphere, in contrast 
to the carbon dioxide and oxygen, which have been lost to a consider¬ 
able extent from the atmosphere; the amount in the atmosphere 
has progressively increased, so that nitrogen is now its chief 
constituent. 

The gases emitted from: volcanoes contain also sulphurous gases, 
hydrochloric and hydrofluoric acids, etc.; these are soon removed 
by precipitation, and do not therefore increase in total amount. 

It seems therefore that a pretty clear picture of the evolution 
of the Earth’s atmosphere can bo drawn. While the Earth was 
still at a high temperature, in its extreme infancy, it rapidly lost 
practically the whole of its primitive gaseous atmosphere. No 
appreciable fraction of a gas as heavy os xenon (atomic weight 
130) was even retained. Tlie small amounts of the rare gases found 
in the atmosphere, in natural gases, and occluded in rooks—^whioh, 
because of their inertness, have not entered into chemical combina- 
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tion with other elements—represent the residuum of the primitive 
atmosphere. Practically the whole of the nitrogen, oxygen, carbon 
dioxide, and water vapour wore naturally lost along with the inert 
gases and any other gaseous constituents. The present atmosphere 
is therefore of secondary origin, and has been formed by chemical 
processes. Volcanic action in the course of geological time has 
been responsible for the production of the present atmosphere; 
water vapour, carbon dioxide, and nitrogen have been produced 
directly by volcanic action, but free oxygen has been formed from 
carbon dioxide through the medium of plant action. There is 
considerable evidence that the present atmosphere is of considerable 
antiquity and that since early geological times, though the com¬ 
position has fluctuated somewhat, the changes have not been very 
great. 



LIFE ON SANDY SHORES* 

By C. M. YONQE, Pii.D., D.So., F.R.8. 

JR*(fius Profwor of Zooloffif \n the Univereity qf (Jlaiyote 

The shore is broadly divisible into the three major environments of 
rock, sand and mud, although with all manner of intergradations 
between these. The inhabitants of rocky shores must, above all else> 
have ability to withstand the mechanical violence of wave action, to 
counter the effects of desiccation and of extremes of temperature, 
possibly also of salinity. This they accomplish by a variety of 
means frequently involving purely physiological, as well as or instead 
of morphological, adaptations. 

On sandy, and also muddy, shores the inhabitants survive by 
evading these dangera and this they accomplish by burrowing. The 
receding tide exposes an apparently barren stretch of sand, all the 
animals having sought safety by burrowing. This habit, however, 
demands structural adaptations of such complexity that relatively 
few species—in comparison with the very groat numbers that occur 
on rocky shores—^have succeeded in colonising sand or mud. But 
the successful species are frequently enormously abimdant. 

Sand is an unstable medium, in tliis respect differing from mud 
which is deposited in more protected areas, at the end of deep bays 
or at the mouths of estuaries. Mud dwellers frequently inhabit 
permanent burrows, but on an exposed beach such burrows could 
not bo maintained. Animals living in sand must be able to reburrow 
immediately if exposed and then to re-establish contact with the 
water above as soon as this is possible. Only the most active of 
burrowers, fully adapted for life in a most unstable medium, can 
exist on an exposed beach. In more protected areas, where the sand 
becomes mixed with increasing amounts of organic matter, other and 
less active burrowers occur. In real mud new problems present 
themselves, the finer particles tend to clog feeding and respiratory 
mechanisms, while the greater admixture of organic matter may 
result in lowered oxygen tension. Sand-dwelling animals ate not 

♦ This article represents some expansion of the Kennedy-Orton Lecture 
delivered at the University College of North Wales, Bangor, on February 13, 
1960. 
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adapted for life under such conditions and give place to a character¬ 
istic mud fauna. 

Sand is composed of fine particles of hard rock, around Great 
Britain mainly of quartz grains with a coating of iron oxide and 
varying admixtures of calcareous particles (Bruce, 1928a). These 
particles, derived from material brought down by rivers or from 
coastal erosion, tend to be carried alongshore and to be deposited 
where water movements lessen. Thus bar beaches are formed a little 
distance offshore, crescent beaches at the heads of wide bays, and 
pocket beaches within smaller indentations along rf>cky coasts. 
Problems of beach formation and maintenance have been the subject 
of recent discussion by Shepard (1948). 

In relation to aninlal life two characteristics of beaches are of 
particular significance, namely stability and gradient. Beaches 
retain their form only so long as water movements are constant and 
so they vary in relation to seasons, to the tidal cycle and to individual 
storms. The gradient of the beach (although this also fluctuates in 
relation to tides and storms) is a function of the size of the con¬ 
stituent particles as shown in Table I. 


TAHLK I 

( from Shkpard, 1048) 


Bt'ftrh Type. 

Median DiaineterH in min. 

Very fine sand. 

0016 

Fine sand. 

012 

Medium sand. 

0-25 

Coarse sand. 

0-5 

Gravel. 

20 

Cobble. 

640 

Boulder. 

2600 


TX'poHitiuiml Slope. 


2'’ 


4” 

12 ‘' 

20 ” 


Thus the finer the particles the more gentle the slope, but there is 
a tendency for large grains of sand to be carried above high-water 
level, so that intertidal sands come to consist of medium and small 
grains with a gentle gradient. 

Above all else life in sand is affected by the amount of water 
which is retained when the tide retreats or which can be raised from 
lower levels by capillarity. Both, os emphasised by Bruce (1928a), 
are associated with grade. The former is determined by the total 
surface area of the sand grains round which a film of water is retained 
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which, ranning from one grain to another, largdy fiUa the pores or 
interstitial spaces between these. This film also protects the sand 
grains and acts as a cushion between them. Capillarity, in its turn, 
depends upon the width of these spaces. As shown in Table II, if 
sand be separated by sieving into various grades the greatest water 
content, i.e. interstitial space, is found in the sand of finest grade. 
But natural, ungraded sand has a very low water content because 
of the reduction of interstitial space, smaller grains occupying the 
spaces between larger ones. 

TABLF, 11 

(from Bnucfc, 1928«) 

Water Conten^t, at Saturation, of Different Grades op S^nd 


Grade 

Oliiineter Kund 

VoIh Water preaent in 

Meahea per luch. 

Gniiiia ill mill. 

100 vola. Wet Sand. 

Gretttor than 30 . 

- 0-61 

35-8 

30-60 . 

0-63 0 2K 

390 

60-90 . 

0-27 016 

420 

90-120 . 

016 012 

42-2 

120-160 . 

011-009 

44-7 

Passing 150 , . . . 

'. 0-09 

43 4 

Ungraciod, natural samplo 


200 


Since capillarity dci)ends on the actual width of the channels 
between the grains and not on the total volume of the spaces repre- 



Pro. 1.—^E£fe)ct of grade upon capillary 
rise of sea water through sands. 

A. vogiadsd sand; B, Ktoina 011-0OS mm. 
diaiDster; 0, O-IS-012 mm.; D, 0-27-0-10 mm. 
(A/to- Bkoob, 1928a.) 


sented by those, capillary rise is 
greater in fine sand of 120-160 
mesh than in coarser grades. 
But here again the finest capil¬ 
lary channels occur, for the 
reason mentioned above, in 
natural ungraded sand in 
which, as shown in Fig. 1, the 
greatest capillary rise occurs 
(Bruce, 1028a). 

Water-saturated sands thus 
achieve a measure of stability 
with their grains separated 
from one another and yet held 
together by the bounding films 
of water. Such wet sands have 
the properties either of dilat- 
ancy or of thixotropy, the 
nature of which and their signi- 
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fioanoe to certain sand-dwelling animals have recently been studied 
by Chapman* and Newell (1947) and Chapman (1949). Dilatancy, 
the effects of which are seen when sand is whitened under pressure, 
as of a foot, is defined as a condition when increased resistance is 
opposed to inci'cased rate of sheer. Tiie close packing of the sand 
grains is disturbed by the i)ressure and the enlarged interstices 
between them can no longer be filled by the available water. But 
with an increase in the content of water from about 22 to 25 per cent, 
(although there may bo either influencing factors) dilatancy gives 
place to thixotropy. The result of pressure, by agitation of the sand, 
is now to bring about precisely the opix)Hite result, namely a decreased 
instead of an increased resistance. Chapman and Newell found that 
in certain sands agitation led to a reduction of resistance to pene¬ 
tration from 412 to 41 grams per square centimetre. Thus, owing to 
this property of thixotropy, resistance dropped to one-tenth. The 
original resistance was regained in thirty seconds. The significance 
of these factors, particularly of thixotropy, in relation especially to 
the life and distribution of the lugworm, Arenicola marina^ will later 
call for comment. 

Changes both of tcmi)erature and of salinity experienced at the 
surface of sands when the tide is out diminish quickly with depth. 
Animals have only to burrow to maximum depths of about 1 ft. to 
escape change in salinity oven though fresh water is running over the 
surface (Bruce, 1928a ; Reid, 1930, 1932). Similarly the surface of 
the beach experiences wide and often most abrupt changes in temper¬ 
ature as the tide rises and falls. Although evaporation may check 
excessive rise of summer temperatures, extremes remain great enough 
to demand for survival considerable powers of physiological adapta¬ 
tion. Such powers, essential for survival on exposed rocky shores, 
remain unnecessary to sand-dwellers capable of burrowing to a depth 
of some 8 in. (Bruce, 1928a). At appropriate depths constant con¬ 
ditions of both salinity and temix^rature are usually reached by all 
animals capable of burrowing so far.* Furthermore, the excretion of 
carbon dioxide by these buried animals has little effect on the pH 
of the interstitial water owing to the enormous excess base due to 
calcareous matter in the sands (Bruce, 19286). 

The grade of sand is of no great moment to the inhabitants except 
to those animals which swallow sand and may be inconvenienced by 
large particles. More imj)ortant is the increasing admixture of 
organic matter in still areas whore fine detritus, derived in the main 

* Abnormally high iHiuptiruturos in th« summer of 1933 causoil great 
mortality of Cardium edule and Arenicola marina in Morecambe Bay (Orton, 

1933, 1934). 
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from the breakdown of eeaweeds, ia deposited. While this does 
represent a souroe of food to various sand-dwelling animals, it may 
also be responsible for underlying layers of black sand, which smell 
strongly of sulphuretted hydrogen when disturbed. Fine particles 
of organic matter clog the interstitial spaces and so prevent circrila* 
tion of water and of oxygen. These spaces are always reduced in 
these sheltered areas, where sand grains are finer and begin to 
merge into mud. Under these anaerobic conditions ferrous sulphide, 
which causes the blackening, is formed by bacterial action. Unless 
animals have direct access to pure water above, life within sand of 
this type is impossible. Broadly speaking, where layers of black 
sand occur there is greater stability and greater supplies of edible 
detritus, but a dangerous lack of oxygen. 

Before discussion of the maoroscopical burrowing fauna of sand, 
brief mention must be made of the interstitial fauna—^flora also, 
because diatoms are present—found in the film of water around 



Fia. 2.—Diagram showing vertical and horizontal movements through and over 
sand by Convoluta roscoJSfetunfi (OH) and C, purcuioxa (CP) rospoctively, NT, 
ST, range of neap and spring tides. 

and between the grains. Protozoa, fiatworms, nematodes, rotifers 
and cojiepods are among the animals that insinuate themselves 
between the sand grains. The vertical migrations of the turbellarian 
Convoluta roacoffenais, which contains green symbiotic algae, must tahe 
place within the interstitial spaces. The animals live in sand at the 
upper limit of lowest high water of neap tides and always in a drain¬ 
age area, t.e. where there is maximum exposure to light without 
danger of desiccation. Positiv'i phototaxis causes migration to the 
surface (so occurring only by day), while positive geotaxis causes 
downwartl movement when the sand begins to vibrate with the 
returning tide (Gamble and Kceble, 1904). The allied O. paradom, 
which contains brown algal cells, lives on weed about low water mark 
and migrates horizontally with the spring and neap tides and, for the 
same reasons as G. roacoffenaia, migrates vertically (Keeble, 1908). 
The habits of the two species are contrasted in Fig. 2. 

But the copepods are much the most specialised members of this 
interstitial fauna. As shown originally by Wilson, C. B. (1932,1936), 
and later by others, notably NichoUs (1935), interstitial oopepods. 
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thou^ belonging to various families, are all minute and slender, with 
apparently well developed tactile organs and with special burrowing 
set«e. All are very feeble swimmers, but are continuously wriggling, 
so that it is almost impossible to examine them in life. Their powers 
of locomotion, however, are so limited that, to quote Nicholls (1935), 
the different species “ show an almost sjKJcific distribution from low 
water to the highest part of the beach.*’ There is also a specific 
vertical distribution, some species being restricted to the top two 
or three centimetres of sand while others may be found only below 
3 cm., at least during the period of tidal exposure.” 

The larger animals, with which we are here primarily concerned, 
burrow by displacing the sand grains, and some of the means used to 
this important end may very briefly bo reviewed. In all the 
capacity for speedy re-entry after exposure, in some instances volun¬ 
tary but more often involuntary, is of supreme importance. Broadly 
stated, burrowing can be carried out by moven)ents of the entire 
body, as in annelid worms to be mentioned later, or by the action of 
particular organs, but the entire body is usually modified to some 
extent. 

Unlike the mud-burrowing Crustacea, those that live in sand, 
whether amphipods or decapods, do not remain permanently within 
this. Decapods, such as the common shrimp, Crangon vulgaris, and 
the ghost crab, Corystes casaivelaunus, appear to burrow by day to 
emerge for feeding at night. Both sink directly downward when 
placed on sand. Species of amphipods, notably of the three genera 
Bathyporeia, Urothoe and Haustorius, would seem, as described later, 
to emerge only in connection with reproduction. Species of Bathy- 
poreia use the second gnathopods and first two pairs of perseopods in 
burrowing, aided by the two pairs of uropods, but in the other two 
more specialised genera the animals may be said to swim into the 
sand, employing essentially the same mechanisms as in swimming. 

Sand-burrowing echinoderms show an interesting diversity of 
method. The starfish, AsiropecUn, sinks down immediately under 
sand by the action of the pointed, instead of the usual sucker-shaped, 
tube-feet. The flattened body must assist horizontal movement 
when it is buried. Heart-urchins, species of Echinocardium and 
allied genera, burrow by the action of their spines. The body has 
acquired a secondary bilateral symmetry, but it remains doubtful 
whether they move about much under the surface ; more probably 
they regain the surface at night and then move to another area before 
sinking very quickly downward into the sand. 

The muscular foot of the molluscs, capable of being extruded and 
then terminally dilated with blood, the animal being drawn forward 
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by contractions of the pedal mnsclea, represents an ideal organ for 
burrowing into a soft substratum. Gastropod borrowers are not 
numerous and are characterised by the relatively enormous foot of 
Natica and allied genera such as Polinices, together with Olivella 
and 0/»m (see Pearse, Humm and Wliarton, J 942) of the coasts of 
temperate North Africa, and many genera found within the sands of 
tropical shores. But the bivalve molluscs are probably the most 
numerous and aie certainly economically the most important of sand- 
dweUing animals. While the majority burrow diagonally into the 
sand, the most beautifully adapted of them all, the razor-shells, 
Ensis and Solen, burrow vertically. To this end both the form of the 
body and the cylindrical shell and also the shape and mode of action 
of the foot are ada^ited (Fraenkel, 1927). 

it 13 illuminating to compare the habits of these razor-shells, 

specialised for life within the unstable 
medium of sand, with those of the 
jack-knife clam, Tagehia, of American 
coasts. This has a similarly elon¬ 
gated shell and also lives vertically, 
but in the mud or muddy sand of 
relatively quiet areas. Formerly 
classified with the Solenacea, I'agelua 
is now incorporated within the 
TeUinacea (see Yonge, 1949), the 
resemblance to the razor-shells lieing 
due to convergence. The latter move 
up and down in the sand, coming 
very near to the surface for feeding 
and respiration, because the siphons 
are very short, but being able quickly to burrow downward if 
disturbed. Tagelua, in the more stable medium of mud, inhabits 
a permanent vertical burrow in which it can move up and down, 
using the foot like a piston rather than as a mushroom anchor. The 
separated siphons (typical of the TeUinacea) are much longer than 
those of the Solenacea and reach the surface by way of separate and 
permanent channels through the mud. The major differences 
between those bivalves, superficially so alike but exhibiting so well 
the fundamental differences between the habits of sand and mud- 
dweUers, are indicated in Fig. 3. 

Sand-burrowers must utilise one of three sources of food, namely 
plankton, detritus or the bodies of other animals. Their feeding 
mechanisms and habits of life are modified accordingly. On an 
exposed beach the great bulk of the population coUeot suspended 



Fio. 3 - Comparison between 
vertical movements of (A) 
Sohn in imstablc mednim of 
sand and (B) Tagelns m mud 
wile re a permanent bunovv 
IB construct td 
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matter^ primarily phytoplankton, from the sea when the tide is in. 
All suspension-feeding bivalves, e.gr. shallow-burrowers like species of 
Cardium and VeniLs and deop-burrowers such as species of Enats and 
I/utraria^ collect food by means of their complexly ciliated gills and 
palps. So, but with setoiis mechanisms, do the mole-crabs, Efnerita 
talpoida of the Atlantic, and E. analoga of the Pacific, coast of North 
America. These are truly creatures of the surf, being confined to 
exposed and typically steeply sloping beaches, and being adapted, 
as are few other sand-dwellers, for life within the zone of continuous 
water movements. They burrow rapidly by means of the first four 
pairs of periopods and the uropods, hut only into really wet sand (see 
description and figuit'vS in Pearse, IFumm and Wharton, 1942). 
Plankton is strained by the niodified first antennie. Feeding takes 



Fia. 4,—ComparisoiiH boiueon suapotiteion-feodiiig bivalve, Cnniinm edule {Irft) and 
doposit-fooding bivalve, Tellirui tenuis (n^ht). 

{From YoNaB) 

place when the water of an exhausted wave rushes down the beach, 
the feathered antennae being later wiped by passage between the 
mouth parts. According to MacUinitio and MacGinitio (1949), 
JH. analoga moves to and fro with the tides, but the animal can feed 
in still water by sweeping and twisting the iintonnse. In E. talpoida, 
however, feeding is apparently only possible in moving water, but is 
then so efficient that oven bacteria are collected by the antennes 
(Zobell and Feltham, 1938). 

In more sheltererl areas the accumulation of detritus, partly 
organic in origin, provides an additional source of food. While 
plankton feeders are still found they are accompanied by detritus 
feeders. This is the characteriatio habitat of the deposit-feeding 
bivalves, members of the Tellinacea, e.g, species of TeUina, Macoma, 
Scrofncidaria and Taqelu$. As shown in Fig. 4, the siphons are 
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typically long and always separate, the inhalant siphon being thus 
enabled to grope freely over the surface and draw, indeed almost 
suck, in the hne deposits of organic matter that accumulate on the 
surface in the typically sheltered conditions where they live. There 
are a variety of correlated adaptations in the musculature, in the 
organs in the mantle cavity and in the stomach (Yonge, 1949). 

This is the habitat of a variety of annelid worms all of which feed 
on organic matter within the sand, a process which, since it involves 
swallowing very great amounts of sand, is continued when the tide is 
out. Species of Ophelia and Thoracophelia, to be discussed later, 
provide instances of such worms, but the best and most thoroughly 
studied example is the lugworm, Arenicola marina. The worms, 

which push their way through 
rather than swallow the sand 
(Wells, 1944, 1947), do so by 
combined action of the pharynx 
and the body, oporatetl by 
muscular contraction and 
hydrostatic pressure and aided 
by the rcduco<l spines which 
grip the walls of the burrow. 
Initial penetration of the sur¬ 
face may bo aided by thixo¬ 
tropy, as suggested by Chap¬ 
man and Newell (1947), or may 
be duo to a purely digging 
action of the protruded buccal 
mass, armed with teeth, and 
followed by the extrusion of 
the bulbous pharynx (Wells, 
1948). The form of the bur¬ 
row, most typically U-shaped, has been admirably described by 
Wells (1946) and is .shown in Fig. 6. The sand in the head-shaft, 
which is drawn down from the surface and so is rich in organic 
detritus, is swallowed and also “ worked ” by the pharynx so that 
water is drawn through it. The distribution of lugworms on flats at 
Whitstable has been correlated by Chapman (1949) with the retention 
of water due to underlying clay. It is suggested that only where 
water is so retained can the sand in the head-shaft be “ worked *’ and 
so the conditions be X)rovidcd which are essential for feeding and 
respiration when the tide is out. 

Within its buiTow the lugworm is in a constant environment, to 
9Uob an extent that movements both of irrigation and of feeding 



Fio 5.— DuijKrainmtitic 8(viion of burrow 
of Arenicola nutriivt, worm in situ, 
«urft«'o sand nhown white, dark 
imdor-liiyers stippled, plain arrows 
denote direetion of WHt<‘r ciuTonts 
created by worm, broken airowa 
movomeiit of surftU'o Hond down 
head shaft wlioro “ worked ” by 
worm. 

{From VonuF, aftfr Wklls) 
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appear to be initiated within the animal. Van Dam (1938) described 
the intermittent periods of respiratory activity, when waves of 
peristaltic contraction pass along the body in both directions, and 
Wells (1940a, 19496) has analysed those and shown their relation to 
defecation, when the worms move back in the burrow and the typical 
castings are produced. The latter author fincLs evidence of the 
presence of a pacemaker for these irrigation cycles within the ventral 
nerve cord. Feeding is similarly cyclical, although bursts of activity 
are more frequent, and hero Wells (1937a, 19496) regards the nerve 
net in the wall of the oesoi^hagus as the site of the spontaneously 
active “ clock.*’ 

Prom the latter consideration wo (‘an pass immediately to 
carnivorous sand-dwellers, because in the annelid Ghjeem the 
extrusion of the largo and heavily armoured proboscis would appear 
to be controlled by impulses coming directly from the central nervous 
system, duo in turn to excitation from the receptors (Wells, J9376). 
Those carnivorous worms are more active but less numerous than the 
detritus feeders. Other carnivores are the starfish, Astropecton, and 
gastropods, such as Naiica and allied genera, which bore into the 
shells, usually of bivalves, by means of an acid-producing gland on 
the proboscis. Most of the larger sand* dwelling Crustacea, the 
British Corysks and Crart{/on, and the beach crabs of the tropics, 
such as Ocypcxla, are scavengers, but tlie species of Li/Miaviuilh, 
found also most typically within the Iropics, live in very deep 
burrows and, like all Stomatopoda, are predaceous carnivores. 

But all of these animals are few in numbers compared with the 
plankton and detritus feeders. Cardium ediih\ an example of the 
former, exists in populations of some 402 milbons within a single 
cockle bed of 320 acres in south Wales (Wright, 1920). The 
deposit-feeding TeMina tenuis has been collected in densities of up to 
8000 in a square metre (Stephen, 1928). 

The problems of resiuration raised by life within s^iiid are not 
serious except possibly where, in still water, the presence of decaying 
organic matter leads to lack of oxygen. Both bivalve and gastropod 
molluscs draw in water from above the surface through an inhalant 
siphon, the ghost-crab, Coryaks, by moans of the elongated second 
antennae which, with the aid of hairs, form a tube to the surface. 
The presence of haemoglobin in the bliXHl of Arcnicola is clearly 
connected with the need for a reserve of oxygen. 

Horizontal zonation on the shore, so obvious in both the flora and 
fauna of rooky areas, is not so apparent in sand. But it is just as 
well developed, the different sand-dwolling species varying consider¬ 
ably in their powers of survival by burrowing while the tide is out. 
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The problem has been well studied in species of the small annelid, 
Ophelia. O. clnihensis, an animal between 1 and 2 cm. long, occurs 
at Karnes Bay, Millport, in a restricted zone in the upper third of the 
beach (Fig. 6) just below high water of neap tides (Brown, 1938). 
It lives at a depth of some 2 in, below the surface and in densities, 
in this region, of up to 273 per square metre. O. bicomiSy some three 
times as long, is described by Holme (1949) as occurring at Exmouth 
in loose clean sand about half tide level where it is uncovered by 
every tide. The maximum density is the same as for O. cluthensis. 
These animals feed on organic matter within the sand. Brown could 
find no explanation of the restricted horizontal zonation of O. 
cluthenMS, but Holme is emphatic that, at any rate for O. bicomia, 
this is to be found in drainage of the sand. His evidence he finds in 

the distribution of this worm 
along traverses he studied at 
Exmouth. 

Significant additional 
information comes from work 
on Thvracophelia mucronata, 
intermediate in size between 
the two species of Ophelia, to 
which it is closely relate<l. 
This worm is very common 
along sandy shores on the 
Pacific coast of North America 
from Vancouver south to San 
Diego and occupies a well- 
defined zone, varying from 10 
to 30 ft. wide according to the 
slope and other characteristics of the beach (Fox, Crane and McCon- 
naughley, 1948; McConnaughley and Fox, 1949). The worms move 
vertically within the sand, ascending into the superficial 2 or 3 in. 
when the tide is out, but descending to depths of a foot or more 
when the sea returns. They also move about, presumably for feeding, 
when near the surface. As it becomes less saturated this sand falls 
in, so that in time the entire area occupied by T. mucronata is 
indicated by a pitting of the surface. 

Populations are enormous, that estimated on a mile of beach near 
San Diego being 158 millions, with a total weight of some 7 tons* 
The colonies are restricted, it is stated, on the upper side by the 
depth to which the sand dries between tides and on the lower side by 
the zone where the sand remains always saturated. One may here 
assume that feeding is possible only in this intermediate zone between 



Fkj. C .—Zonation in sund of Karnes Bay, 
Millport. 

1-4, zoncH of horizontal Ul8tr)hutlon and rflalive 
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3039^); 0-0, arra (ahadrd) ocfwpifd by Ophelia 
eiutheniiM (from Bhown, 19^8). Dotted Hue, 
average low tide le\el : lirokcn line, mean level of 
low water aprlng tldea. 




LIFE ON SANDY SHORES 


441 


saturation and dryness occupied by the worms ; it seems doubtful 
whether they can feed when living at some depth while the tide is in. 
As in Ophelia, sand is swallowed and the animal obtains its nutrition 
from the colloidal organic matter which is adsorbed on to the sand 
grains. Since each worm swallows some 24 per cent, of its own 
weight per hour, it is calculated that 100 grams of worms must ingest 
some 210 kg. of sand annually. The organic matter is estimated to 
amount to no more than 1 per cent, of this, representing in all some 
2000 grams of food. A colony of worms in a mile-length strip of 
beach, 10 ft. wide and 1 ft. thick, with an average population of 
some 300 worms per square foot, would thus pass some 14,600 tons 
of sand annually through their bodies (McConnaughley and Fox, 
1940). 

There is a well-marked horizontal boundary between the distri¬ 
bution of the deposit-feeding bivalves Tellina tenuis and T. fabula, 
studied by Stephen (1928) at Millport. The former is intertidal, 
ranging from a little below high-water mark of neap tides to depths 
of some 4 fathoms, with maximum concentration at mean level of 
low wat-er of spring tides. '1\ fahula is sub-littoral, with greatest 
abundance at depths of 4-6 fathoms, and is rarely found on the shore. 

Other instances of zonation are provided by the intertidal sand¬ 
dwelling amphipods, notably species of Bathyporeia (Watkin, 1939a, 
19396). Again Karnes Hay, Millport, provides the site of study and, 
as shown in Fig. 6, there occur in order down the shore : JB. pilosa 
which is restricted to a zone above the high level of neap tides, 
B, pelagia which is mid-tidal in distribution, and B, ehgans and 
B. guilliamsoniana which both occur low on the shore and extend 
below low water of spring tides. Watkin found that this zonation 
was even maintained in tow-nettings he made by night over the shore 
at high tide. About every two weeks, around the times of full and 
new moon, those animals swim uj^ from the sand. This pelagic phase 
is connected with reproduction ; the eggs take about fifteen days to 
develop in the brood pouch, so that periodic emergence into the water 
above permits of both Uberation of the young and fertilisation of the 
next brood. The whole process must bo quickly completed or the 
horizontal zonation could not be so well maintained. B. pilosa 
breeds throughout the year and so is always in the night plankton 
around full and new moons, but B, pelagia is found there only in 
spring and summer. 

There can be no difficulty in maintaining a population within its 
particular zone where, os in these isopods, the young emerge at 
a stage when they are able immediately to burrow. Moreover, in 
Arenicola marina^ as recently shown by Newell (1948), reproduction 



SOIBKCE FEOGRESS 


442 

is related to habit and habitat. Spawning occurs only during the 
two weeks between the new and full moon spring tides in the second 
half of October. Both eggs and sperm are discharged from the 
burrows at the time of extreme low water and so spread over the 
surface of the sand where fertilisation takes place. The modified 
trochophore larvas which develop are demersal and apparently grow 
within the protection of the Fmua zone during the winter and spring. 

But where the larva? are pelagic the manner in wlxich settlement 
within tlie zone occupied by the adult is ensured is a problem of 
major interest. In this connection the work of Wilson, D, P, (1948a, 
19486) on O'pheXia Incornis is particularly illuminating. Even in the 
later stage trochophore larvae thei'e is a tendency to adhere to solid 
objects, such as sand grains, by the aid of secretions from the four 
anal papillae and the parapodial lobes. Wilson regards this as an 
adaptive aid to settlement on sand banks which are swept by strong 
currents. Next comes the question of metamorphosis, for which the 
larva^ are ready when the first pair of bristles protrudes on tlie third 
setiger. But his experiments revealed that the larvao change to 
adult form most readily in sand from th(? natural habitat and with 
difficulty or not at all in sands from other sources. The particular 
properties of the natural sand appeared to consist of the smooth and 
very uniform rounded grains of quartz of which it is composed ; 
sands composed of smaller and more angular grains wore much less 
favourable to sett leraenl and metamorphosis of the larvae of O, bioomis. 
Wilson is of the opinion that the sizes and shapes of the interstices 
between the grains rather than the nature of the grains themselves 
may, through perception by the tactile sense, be the major stimulus to 
metamorphosis. The chances of finding the limited zone suitable 
for adult life are materially increased by the latent period of up to 
several weeks during which the larva?, carried to and fro in the water, 
are able to metamorphose and take t-o adult life on the bottom should 
the suitable sandy substratum be encountered. Failing this the 
larvae may not change or may do so in some inadequate manner. 

Perhaps the most remarkable instances of adaptation to life in— 
or more accurately on —sand are found in the corals. Here early life 
is spent attached to a rocky substratum and later life free upon sand. 
The mushroom corals of the Indo-Pacific, species of the genus 
Fungia and related genera, settle as larval planulae on to rock and 
there form a small coral, the free end of which expands and in due 
course becomes detached as a rounded disc. The original stalk 
proceeds to form a succession of such individuals. Those are carried 
by water movements to protected areas, typically in the leo of reefs 
or in the shelter of ramparts of coral fragments, to places, that is, 
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where sand accumulates. Here these free corals settle, feed and 
grow. They are able to overcome the major problems of their 
existence by uncovering themselves after they have been buried 
under sand (Marshall and Orr, 1931) or righting themselves after 
they have been turned over by heavy seas (Abe, 1939). A similar 
** righting reaction ” occurs in the sand dollars (e.gr. EchinarachniuSy 
Parker, 1927), also disc-shaped and at the mercy of storms. A 
species of a widely different family of corals, the meandrine or brain 
coral, Msearidra areolata, occupies a precisely similar niche in the 
ecology of Atlantic coral reefs. Bui here, after a period of growth 
attached to rock, the base, from which th(^ tissues retreat, becomes 
eroded and finally breaks through, liberating the coral, but leaving 
no fll ump capable of forming other individuals. Again the small free 
coral is carried by water 
currents to similar sandy 
areas, on the surface of 
which it lives atul grows to 
some size and with the 
same capacity for uncover- 
ing itself when buried 
(Yonge, 1935). This pro¬ 
cess involves, as in Fungiay 
the raising of the tissues 
well clear of the skeleton, as 
a result of intake of water, 
but without expansion of 
the tentacles. The cleans¬ 
ing cilia, fully exposed, are 
largely responsible for the 
uncovering of the buried 
corals. In both typos of coral the free adults produce planulae 
which are planktonic but must settle on a hard surface (|X)S8ibly 
there is some such latent period as described by Wilson for Ophelia), 
The resultant coral may give rise to many free individuals (fungids) 
or to one (M, areolata). These, while still very small, are carried 
by water movements along the bottom to the area of sand deposit ion 
and so to the habitat of the adult. The course of these unusual 
life histories is indicated diagrammatically in Fig. 7. 
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RECENT STUDIES OF SHELLS OF THE 
COAL MEASURES 

By JOHN WKIH, D.So., Pu.D., F.B S.E.. F G.S. 

Senior Lecturer m (kotogy^ Unnernty of Olaegow 


DtmiNa the last twenty years much of the work that has been done 
on the stratigraphy of the British Coal Measures and on their 
structure and environments of deposition has been profoundly 
influenced by researches on certain fossil bivalve shells that occur 
in these rocks—commonly in the roofs of coal seams, but also at 
other horizons in the thickness of sandstones and shales (with 
occasional fu'eclays and coal scams) that make up the rock succes¬ 
sion of the Coal Measures. Those molluscs lived in waters adjacent 
to the swampy coastal forests, which were later transformed into 
coal seams by the compaction and carbonisation of their vegetation. 
The first stage in this process was flooding by the waters, doubtless 
not fully marine, in which the bivalves lived. Hence the frequent 
occurrence of these fossils in the roofs of coal seams. The fossil 
shells are well known to miners, who call them “ mussels,” an 
accurate term conveniently used by all (’oal Measures geologists. 
Examples of three genera are illustrated in Figs. 1 (Plate I), 6 and 10. 

Sometimes mussels occur in enormous numbers, tightly packed 
together in shell beds that may be three or four feet thick and 
extend underground for miles. Such shell beds (“ musselbands ” 
is the technical name) are important stratigraphical units and in 
certain British coalfields have long been used as marker bands in 
raining operations. 

Mussels do not always occur in musselbands, however. In all 
coalfields they may occur in mudstone or shale as more or less 
isolated individuals, and particularly is this true of the South Wales 
Coalfield. Here Professor Trueman and his colleagues of the 
Geology Department in the University College of Swansea, investi¬ 
gating the stratigraphy and structure of the coalfield, came to 
realise that the mussels hcul value as strata! indices apart altogether 
from segregation into musselbands. Their use in this way involved 
some modification of the existing classification, and the consequent 
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recognition of mussel aj^mblages which were suflEioiently well 
characterised to render possible the subdivision of the local Coal 
Measures into a succession of six zones. This zonal scheme was 
found to apply throughout the western part of the South Wales 
Coalfields, and controlling observations in the coalfields of North 
Staffordshire and the North of Prance suggested that it was generally 
applicable to other coalfields. 

The publication of the results in South Wales (Davies and 
Trueman 1927) was quickly followed by application of the mussel 
zoning to the principal British coalfields, with some minor adjust¬ 
ments of the original scheme. Workers in other centres^ shared 
this task in close collaboration with Professor Trueman. Examples 
of the numerous practical applications of the use of mussels in the 
exploration and working of the British coalfields cannot be given 
here, but it may be specially noted that the officers of the Geological 
Survey have collaborated both in the routine applications of the 
work and in the advancement of our knowledge of these fossils 
and their distribution. 

It is rather my object in this article to concentrate attention on 
the more general results that have followed from the researches 
on these extinct Mollusca, and to explain some of the difficulties 
which confront workers in this field. 

One of the earliest results of these researches, and fundamentally 
the most important, was to place the broad stratigraphical inter- 
correlation of the British coalfields on a sound palaeontological 
basis, and to reveal that the anomaly between the Scottish and 
Yorkshire successions, suggested by Kidston’s palaeobotanical classi¬ 
fication of the Coal Measures, did not in fact exist (Dix, Pringle and 
Trueman 1930; Weir and Leitch 1936; Trueman 1936). 

The occurrence of marine bands at various horizons in the Coal 
Measures has long been known. These bands of shale with marine 
fossils represent incursions of the sea which were the extreme 
manifestation of pulsatory downward movements of the crust. 
These movements took place throughout Upper Carboniferous times, 
and are recorded in many repetitions, more or less complete, of a 
small standard sequence of sedimentary rocks (Trueman 1948), 
which culminates with coal, representing the final stage in the shoal¬ 
ing of the sea and the production of swampy forests at sea-level. 

The marine bands are most useful marker horizons and their 
accurate correlation from coalfield to coalfield is of the greatest 
importance. In the absence of stratigraphical criteria or suitable 
evidence from the marine fauna (mainly brachiopods and cephal¬ 
opoda), the recognition of their respective places in the context of 
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the non*marine mussel faunas becomes of importance. This aspect 
of Coal Measures correlation has been recently investigated in rela¬ 
tion to rhythmic cycles of sedimentation by Edwards and Stubble¬ 
field (1948), who record ten marine marker bands in the Middle 
Coal Measures of Nottinghamshire and Derbyshire. 

The chronology of the Coal Measures mussels, by establishing 
broad inter-coalfield correlation on a secure basis, has brought new 
light to other aspects of Upper Carboniferous geology. Thus in 
two Presidential Addresses to the Geological Society of London, 
Trueman (1946, 1947), interpreting and s3mthesising the work of 
himself and others in this field, has demonstrated the inter-relation¬ 
ships of the coalfields of Europe and North America in the context 
of their changing physical and geographical environment, and has 
related the structures of individual British coalfields to their early 
foundations and to major tectonic events connected with the growth 
of the Variscan Mountains. 

The first of these addresses discusses the Coal Measures of 
Europe and North America, their palaeogeographical environments 
and sedimentary rhythms in the framework of Naumann’s concept 
of paralic (external coastal swamp) and linmic (intermontane) basins 
of deposition (Fig. 2). To the paralic basins belong the coalfields of 
Britain, North-Western Europe (Pas de Calais, Nord, Belgium, 
Limbourg, Westphalia) and the Donetz. The limnic basins, of 
which the Saar and the coalfields of Central Franco are the most 
important, were formed within the growing Varisoan mountain 
chains, and appear to have been entirely cut off from the paralic 
basins. On the other hand, distribution of successive mussel faunas 
suggests that there was relatively free communication between 
the external basins from South Wales to the Donetz, doubtlcvss by 
the way of the more or less brackish waters of the swamps that 
frmged the southern continent (Figs. 2 and 3). 

The growth of the Variscan chain forms the basis of a tectonic 
classification of the British coalfields into those of the Foredeep 
(South Wales, Somerset, Kent, Forest of Dean) and those of the 
Foreland (all the remaining more northerly basins). Witliin the 
framework of this classification, Trueman, in his second Presidential 
Address, discusses with wealth of detail from all sources, the strati¬ 
graphy, correlation and structure of the British coalfields. The 
Foredeep (or deepening basin of deposition situated immediately in 
front of a growing mountain chain) may, under favourable condi¬ 
tions and within certain time limits, yield a nearly continuous record 
of sedimentation. In Coal Measures (Westphalian) times these 
conditions were most nearly satisfied in Britain by the western part 
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of the South Wales coalfield (Swansea area), and the succession 
there is therefore taken as standard. Two divisions of the West¬ 
phalian are recognised, and named after Welsh localities (Dix and 
Trueman 1937): Morganian (comprising the two upper mussel 
zones) and Ammanian (the four lower zones of the succession). 

In terms of this major subdivision, as well as of the narrower 
zonal divisions, the structures of the various coalfields are examined 
with reference to pre-existing tectonic struetures (such as St. 
George’s Land, the Brabant massif. North Pennine massif and the 


DONETZ 



(MMM : iiuirino hariclR.) 

{liy courtesy of I>K A. K. Tkufjian ami the (Jeolttgical Society of iMndon.) 

Southern Uplands) and to unconformities (gaps in the succession) 
due to the local uplifts (and consequent non-deposition) which 
reflected preliminary movements of the Variscan chain to the south, 
pjemonitory rumblings of the major mountain-building which 
followed the deposition of the Coal Measures and isolated them in 
the separate basins or fields ” which wo know today. 

Some of these preliminary phases of the Variscan orogeny 
(mountain-building) have been recognised on the continent by 
Stifle. The effects of the older of these (Sudotic and Erzgebirgian 
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phases) had previously been recognised in Britain {e.g. Hudson and 
Turner, 1933), but there is no evidence here for the Asturian folding 
of Stephanian age, so important in the limnio coalfield of the Saar. 
On the other hand, notable movements, unrecognised on the con¬ 
tinent, occur in Britain in early Morganian times, and are especially 
important for their effect on the structure and sequence of British 
coalfields of the Variscan Foredeep (Fig. 4). The term “ Malvemian 

South Woles Forest of Dean 


Pennant ■ sandstone •' Series : >: 



Avon ion 



Fio. 4.—^Diagrammatic soctiona allowing the relations of the divisions of the (carboni¬ 
ferous from the fiaat of South Walea to the Midlands. The arrow marks the 
probable belt of Sudetic Uplift. 

Touroaiilaji and VImad Avoolan, i e. Oarboniferoua Umefitono; Namurlan HOllstone Qrit. 

Kot to icsle. 

(By enurUsy of Dk. A. K. TamciCAa and the Oedtoyiad Society of London,) 

phase ” has been applied to these movements (Moore and Trueman 
1039; Moore 1948). 

Like their relatives Unio, AnodorUa, etc., which inhabit rivers, 
lakes and canals at the present day, the mussels of the Coal Measures 
are highly variable in form at any given horizon (Fig. 6). There is 
no evidence that sexual dimorphism plays any part in this vmi- 
ability. Some of the biocharacters {e.g. those expressed by certain 
ratios, such as height/length, etc.) are suitable for statistical treat¬ 
ment. The first statistical analysis of a community of Coal Measures 
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shells was mode by Davies and Traeman. The technique was 
elaborated by D. Leitch and R. A. Robb (Leitch 1940) who showed 
that, by the use of regression equations, accurate diagnosis of the 
essential character of a community could be made in respect, at 
least, of easily measurable shell-features. 

A community of variable shells at a given horizon (say in a 
musselband) may bo succeeded a few feet higher in tho succession 
by a similarly variable community of tho same genus, and com- 



Fio. 5.—Variation in a community of Anthracorvaia aalteri in the Coal Moosures 

of Lanarkshire. , 

(iJy rourtety of ProvkeSor D. I.ritcij and the Geoloffieal Society of London,) 

I)Osed, like the first, of individuals that presumably interbred freely. 
The second community may show new variants, together with some 
that persist from the first horizon but are of different numerical 
significance in the later bed. Wlien this is repeated in all coalfields 
at various horizons, through several hundred feet of that part of 
the Coal Measures which is most intensively mined (Trueman 1941) 
and therefore yields mussels in embarrassingly largo numbers, the 
taxonomic complexities may be imagined. In face of this problem 
the artificial and empirical chararcter of the binomial nomenclature 
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stands revealed. The question has been discussed recently by 
Leitch (1940), George (1942), and Truaman and Weir (1945). 
Referring specifically to the work of Leitch (toe. cit.) and Eagar 
(1947) at Glasgow, George (1949) sums up the question as follows: 

“ In evolution naively regarded as a succession of ‘ intermediate 
links ’ arranged in linear series, any given sjiecimen may be allocated 
with precision and certainty to its particular (if arbitrarily defined) 
species. With this more profound understanding of the nature of 
the evolutionary process, the individual as such is often specifically 
anonymous, especially as knowledge increases of the variation- 
range and succession of evolving communities. Thus, according to 
the trend and degree of its variation from the norm, an isolated 
specimen of the [Anthracemaia^ salteri community might justifiably 
bo called modiolaris^ or salteri, or adamsi (Fig. 6). It only becomes 
identifiable with certainty when it is seen in a context of its fellows, 
and is identified in terms of the nature of that context. Moreover, 
as an individual it is not always worth identification, for it is merely 
an incidental (and more or less atypical) isolate of the commimity 
to which it belongs. 

Erajfiiasis, as increasingly is the case in the systematics of 
living organisms, is thus becoming concentrated on the evolutionary 
diversification of whole communities.*' 

Nevertheless, for practical reasons, the necessity remains to 
identify individuals {ejj, isolated sheUs obtained from an exploratory 
boring), and biological taxonomy is not yet ready to forsake Linnean 
procedure in favour of definition by formula. In their attempt to 
give a comprehensive account of these molluscs Trueman and Weir 
(toe. cit,) mnke free use of the contractions “ aff.” {ajjinis) and 
cf.” {confer) between the two components of the specific name, 
and the method of applying the former to the designation of indi¬ 
viduals in a community is illustrated in Fig. 7. 

Cf." is used in the designation of a shell that is not known 
to be related to the holotype of a “ species,” though possibly showing 
in some features greater similarity to it than to any other described 
form. Absence of type material introduces a complication in the 
use of some of the older specific names, especially those proposed by 
Captain Thomas Brown in his Atlas of Fossil Corichology (1849) and 
his earlier paper in the Anruils and Magazine of Natural History 
(1843), and much used in subsequent literature. In such cases 
reference is made to the original figure, but it may be urged that 
sanction of the use of nootypes by the International Commission on 
Zoological Nomenclature would be helpful. 

With the exception of the Anthraconaias referred to in the above 
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quotation, no orthogenetio trend haa been detected in these mussels, 
unless the progressive increase in size of Anthracomuta towards 
the end of its range may be so interpreted (Weir 1046) in conformity 
with Clope’s Law. 

It may bo that the time involved (probably less than 30,000,000 
years) was too short for the establishment of well-marked ortho¬ 
genetio trends from the plethora of variation trends (incidentally 
Anthraconauta is the longest ranging of all the genera); possibly 



Fio. 7.—Roprosentalion of a community by Bcnttor diagram. 

Cnwmvn nutrlc th© tyj)© tiporiinens of two " spocIcb ” ; around i»avh th© rontlnuoua lln© marks the limit 
arbitrarily aiH'rit>ed to these species; the broken linen enclose npecimeus which would be regarded as 
** alf.** the speclos. Where these areas overlap, specimens might properly bo named as liavlng affinity to 
both species. 

Neither of the type sjiecimens corresponds with the mode of the community (although each may 
correspond with the modal forms of other communities). 

(d/tcf TEUEiTAir and Wsir, by eourtsiy of the Paleeontoyraphiral Society) 


orthogenesis is expressed at what is now taken as generic level 
{Carbonicola —► Anthracosia ; although this represents a relatively 
sudden change rather than a trend); possibly trends are obscured 
by the welter of variants and may be revealed by systematic 
statistical analysis of all available communities in all the coalfields 
(ef. Figs. 6 and 6). It must be remembered that such analyses as 
have been done are few, and stand on the fringes of the problems 
as pointers of method for future work. 
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The problems of evolution and taxonomy in the mussel faunas 
of the Coal Measures have not been rendered easier by the revela¬ 
tions of Eagar's recent work (/oc. cit.) in the Lower Coal Measures. 
Analysing the results of meticulous inch-by-inch collecting from a 
30-fb. section of three-fold sedimentary rhythm at Honley, in 
Yorkshire, he found that there was correspondence between the 
character of a variable community and the nature of the sediment 
in which it was entombed, suggesting that shell-form tended to be 
influenced by the environment in which the animal lived. Following 
up this line of investigation Eagar (1948) has summarised the 
researches of European and American workers on the effects of 
different ecological stations on shell-form in the Unionidoe, and 



Fio. 8.—Shell of Carhonicola^ brokon at the posterior end mid showing within tho 
shells of sovoral yoiuig NaiadUef*, 

a. latc*ral view; b, vciitriil view ahowlns that Uie valvcM are tightly rliMt'd. 

{By eourtfsy of 1)r. Khona WArbENNAN and the *' Oevlogical Magaztne.**) 


has drawn attention to comparable modifications of morphology in 
the Upper Carboniferous mussels (Anthraoosiidse), in relation to 
changes in the grain size of the seiliraents in which they lived and 
were entombed. 

Other fascinating lines of palsooecological research have been 
opened up by the study of these fossils. In the musselband above 
the Shotts Gas Coal of the Lanarkshire Coalfield Dr. Bhona 
MaoLennan collected large shells of Carbonicoh, which enclose 
within their tightly shut valves the shells of young Naiadites 
(MacLennan, 1943, and Figs. 8 and 9). Some of these young shells 
are in the position of growth, with anterior end appli^ closely to 
the inner surface of the Carbonicola shell, and the plane between 
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the valves nearly at rigbt'angles to this surface (Fig. 0). These 
small shells can hardly have been introduced accidentally aftmr the 
death of the host, for in no instance have small Carbonicola (numeric¬ 
ally by far the dominant genus of the inusselband) been found in 
like situation. It seems that the gaping shell of the dead Carbonicola 
provided a suitable settling-ground for the spat, affording shelter 
and a firm surface for byssal fixation in the muddy environment. 
Subsequent closure of the Carbonicola shell may have been due 
to loss of elasticity in the ligament or to the weight of overlying 
sediment. It cannot have happened very quickly, however, as the 
largest enclosed Naiadites measures 25 mm. in length, the average 
of normal adults in the community. 

The rate of growth of Naiadites is unknown, but it is unlikely 

that the largest of the enclosed speci¬ 
mens were less than two years old, 
several generations being represented 
within a single Carbonicola. During 
this time the shell of the dead Carboni~ 
cola must have remained open, its 
edges above the surface of the mud 
and the interior comparatively free 
from mud. These circumstances point 
to very slow accumulation of sediment. 

The spiral tubes of the polychaete 
worm Microconchua (“ Spirorbia ”) are 
frequently found attached to shells, 
especially of Naiadites (Trueman 1942 
and Fig. 10). Considerable numbers 
of these tubes frequently adhere to a 
suigle mussel valve. They are usually 
attached along the lower posterior edge 
of the shell, and at a corresponding 
position on growth lines (edges of the shell at earlier stages of 
growth). It is suggested, therefore, that the association may have 
been commensal, the Spirorbids attaching themselves preferentially 
along that portion of the posterior shell border nearest to the 
incurrent water stream, thus gaining an advantage in feeding. 
This commensal habit appears to have been particularly marked at 
certain times during the Carboniferous, and probably developed 
from attachment to the shells as a suitable substratum. 

It may be noted that, like many related worms, some modern 
species of Spirorbia exhibit commensalism, and that Spirorbia grows 
very rapidly, a half whorl being formed in about four weeks, and 



Fig. 9.—Section through u shell 
ol Carhonicvla showing two 
epocimens of Nmadtfe^ tn 
sUu, thoir anterior (luls 
touching tho inner surfaeo 
of the enclosing shell. 

{By courUsy of DR K Hour a Ma( I £5N vn 
and the “ ialtological Magazim ”) 
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more than one generation may develop in a single season. There¬ 
fore it is probable that a Spirorbid attaching itself to the shell 
margin of a Naiadites at a suitable season would reach maturity 
before shell growth left it stranded far from the edge. 

Although occurring mo.9t frequently on Naiadites, Spirorbis has 
been observed attached to other genera of Coal Measure non-marine 
mussels, but not to Anlhracosphasrium and doubtfully to Anthra- 
conaia. In Carbonicola and Anthracosia the region of attachment 
was narrower than in Naiadites, and it is possible to make some 
infoiences leganling the posterior mantle border of these mussels. 



Fi«. 10. - Spiral tubes ot Microtonchuit (“ is'pirorbiit **] attm*hed to shells of NaiadUe^. 
(Dy of 1»R, A. K, TrU)CM\n tht ** Ceotoyical MagcuxM") 


In Naiaditeji the wide Hroa of attachment suggests a mantle border 
with a broad iricuiTont region like that of the recent marine genus 
Mytilud^ rather than a distinct siphon like that of Dreissensia, its 
analogue in recent fresh waters. A much narrower range of attach¬ 
ment on the shell surfaces of Carbonicola and Anthracosia indicates 
a narrower incuirent mantle border, comparable with that of the 
modem fresh water mussels Ihiio and A7iodonta, The absence of 
any record of the attachment of Spirorbis to Anthracosphserium 
suggests that this genus may have had long pallial siphons, like its 
recent analogue, Sphmrium. 8uch a siphonatc mantle border would 
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give no commensal advantage to organisms attached along the 
posterior edge of the shell. 
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OPTICAL ACTIVITY: ITS STUDY, 
TERMINOI.OGY AND USES 


By M. P. I3ALFE, Ph.D., B.A., F.R.I.C. 

Polytechnic London 


Optk'aIj activity (more precisely, optical rotatory power, often 
abbreviated to “ rotatory power ” or “ rotation ”) is the property 
of rotatinjjf the plane of polarisation of plane-polarised light. It 
is recorded as specific rotatory power or molecular rotatory 

power [MjJ*, 
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where is the observed rotation in angular degi'ces at f C, of light 
of wavelength A, produced by a column, I decimetres long, of liquid 
density d or of solution in which c is the fraction by weight, and M 
is the molecular weight of the optically active species. Molecular 
rotatory power allows for the frict that the beam of light is aflFected 
by different numbers of molecules of different molecular weights, 
in a column of given length and concentration. 

Changes in rotatory power under fixed conditions of observation 
are described as ‘‘ mutarotation ” or “ racemisation.” Mutarota- 
tion refers to a change caused by the formation of a new centre of 
optical activity, whether additional to, or formed from, the original 
centre. Racemisation refers to loss of optical activity, whether 
pail/ial or complete, duo to chemical change at the centre of optical 
activity, with either loss of asymmetry or convei'sion to an optically 
inactive mixture of stereoisomers. 

Optical activity is derived from a dissymmetiy of structure, 
either in the crystal—^for example in sodium chlorate, which loses 
its optical activity when dissolved —or in the molecule. There are 
certain requirements of molecular dissymmetry which must bo 
satisfied if optical activity is to result (see Lowiy). For the present 
purpose it is sufficient to take the absence of a plane of symmetry 
in the molecule as the main requirement, and most of the discussion 
is concerned with the “ asymmetric atom,” i.e. an atom which is 
attached by covalent bonds to dissimilar groups. 

459 
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If the molecule is not to possess a plane of symmetry, the 
valencies of the asymmetric atom must extend in three dimensions : 
the most common example is the aaynunetric carbon afbm, which is 
situated inside a tetrahedron at the apices of which are the four 
attached dissimilar groups or atoms. Such a molecule can exist 
in one of two forms, which are mirror images of one another 
(enantiomorphs or stereoisomerides): the molecules of one kind 
are dextrorotatory (rotate the plane of polarisation to the right) 
and of the other kind Isevorotatory. A substance in which only 
one of the stereoisomerides is present is described os “ optically 
pure ”; if both are present and in equal amoimts the substance 
is racemic {see below); if both are present, but in unequal amounts, 
the substance is often described os " partly (optically) active ” or 
“ optically imptire.” 

It should eventually be possible to define the absolute con¬ 
figurations of the two enantiomorphs of any given optically active 
substance, but this cannot be done at the present time, though the 
problem has received some preliminary consideration (see, for 
example, Bometsch and Kuhn). The relative configurations of 
members of certain series of compounds {e.g. the a-amino acids), 
in which one of the dissimilar groups attached to the asymmetric 
atom is varied, are known. The sign of rotatory power of a com¬ 
pound in such a series, (i (o), (6), (c), etc.), indicates which of the 
two relative configurations (i (a)) or (n) it possesses. Belative 
configurations can be deduced with complete certainty from 
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b e 
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b o 
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COaH 

H -LoH 
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reactions in which it is known that the bonds of the asymmetric atom 
are not disturbed; for example, in Freudenberg’s establishment 
of relative configurations in the series (lu) (R == OH(OH)CO(H, 
CH,CO,H, CH^H„ CH.OH, CH,Br, CH,). Reactions in which 
one of the bonds of the asymmetric atom is broken can also be 
used if it is known whether or not inversion of the configuration of 
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the molecule occurs. Relative configurations can also be deduced, 
though with less certainty than by the above chemical method, 
from the observation that the rotatory powers of members of a 
configurationally related series are changed in the same direction 
by changes in physical or chemical conditions, c.gr. by alterations 
in temperature, solvent, or ionic charge on substituent groups. 

Since the sign of rotatory power may change, c.gr, with altera¬ 
tions in solvent or temperature, it can only be related to configura¬ 
tion when determined under specified conditions. Originally, the 
prefixes d- and Z- were used for the two signs of rotation. Later 
d- and Z- came to be sometimes used for the two relative configura¬ 
tions, and { f)- and (—)- were then introduced for signs. The 
usage of (-f“)- and (-)- at the present time is unambiguous, but 
that of d- and Z- may be ambiguous and is being abandoned. 

Since the occurrence of rotatory power is dependent on the 
groups attached to the asymmetric atom being dissimilar, it is 
reasonable to suppose that its magnitude may be related to some 
properties of these groups. Chemists have deductively shown that 
there is such a relation with the polarities (in the chemist’s sense) 
of the groujis (see the work of Betti and of Rule, summarised by 
Lowry). Mathematicians have ajiproached the problem inductively, 
and from consideration of, for example, the masses, volumes or 
polarisabilities in an electric field of the dissimilar groups, or of the 
possibility of electronic transitions therein, have calculated rotatory 
powers for certain substances, which seem to be of the right order 
of magnitude (Boys ; Bom ; Condon, Eyring et al.; Kauzmann, 
Walter and Kyring). Similarly, in the study of solvent-effects on 
rotatory power, a relation has been traced, to a limiteil extent, 
between the dipole moment of the solvent and the specific rotatory 
power of the solute, (Rule : see Lowry, op. cit,) and expressions have 
been deduced which at least lessen, if they do not entirely remove, 
the dependence of rotatory power on the refractive index of the 
medium (Beckmann and Cohen; Rule et aZ.). 

Optical rotatory dispersion is the variation of rotatory power 
with the wave-length of the polarised light. The rotatory dis¬ 
persions of many compounds in transparent regions of the spectrum 
can be expressed by an equation of the form put forward by Drude 
(see Lowry, op. cit .): 

. _ yi kn 

^ ZjJt A * 

the it’s being numerical constants and the A,^’s being wave-lengths 
(** cbaraoteristic wave-lengths ”). Indeed, it is possible that there 



4612 somiroB pboobsss 

is a Drude equation to fit the rotatory dispersions of each optically 
active substance in transparent regions of the spectrum. It is, 
however, desirable that the calculations of the Drude constants 
should be based on observations which cover a wide range of wave¬ 
lengths, extending as far as possible into the ultraviolet. 

When the rotatory dispersion can be compared with the absorp¬ 
tion spectrum of the compound, it is found that the characteristic 
wave-lengths lie within absorption bands. Optical activity is 
derived from a difference between the refractive indices of the 
substance in right- and left-ciroularly polarised light, and this 
originates in disturbances of valency electrons (shared or imshared). 
Though it may bo that all the valency electrons in a compound can 
in principle contribute to its rotatory power (Kuhn), it is rarely 
that more than two Drude terms are required to cover the dispersion: 
this simplification may be due to cancellation of terms of opposite 
sign, or combination of more than one into one complex term, or to 
the contributions of certain terms being too small to be detectable. 

The excitation energy of shared electrons is usually so great that 
it only occurs on absorption of light in the vacuum ultraviolet. The 
ordinary ultraviolet absorptions correspond to excitation of un¬ 
shared electrons. One-term Drude equations are characteristic of 
substances whose absorption bands lie in the far ultraviolet: for 
example, the secondary aliphatic alcohols have a characteristic 
wave-length at about 1500 A, which is probably a composite of 
electronic transitions of unshared electrons on the oxygen atom, and 
of electrons in C—H, 0—0, 0—O and O—H links. If a compound 
contained two formally asymmetric atoms, and these gave rise to 
absorption bands of widely different wave-lengths, then presumably 
at least two Drude terms would be required to cover its rotatory 
dispersion. Most of the two-term equations which are on record, 
however (they are not numerous), appertain to substances which 
contain only one formally asymmetric centre and in addition 
contain a chromophoric group which has an absorption band of 
comparatively long wave-length: for example, an ethylenic link 
or a ketonic group. According to Kuhn’s theory, all the possible 
electronic transitions which may occur in an optically active molecule 
influence eaMsh other (*’ vicinal action ”), but in a simplified presenta¬ 
tion it may be stated that one of the characteristic wave-lengths in 
the Drude equation of such a compound corresponds to an absorp¬ 
tion band associated with the chromophoric groujM, *.e. of com¬ 
paratively long wave-length, and the other is a composite term of 
shorter wave-length, similar to that in one-term equations; the 
term of longer wave-length usually makes the greater numerical 
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contribution to rotatory power, and provides the clearest illustration 
of “induced anisotropy’* as defined by Kuhn. The expression 
“ induced anisotropy ” is preferable to “ induced dLssymmotry ” 
because there is no reason to suppose that the chromophoric groups 
become diss 3 rmmetric in the stereochemical sense, as in 



There is a relation between induced anisotropy and partial 
asymmetric synthesis, which is the formation of an unequal mixture 
of diastereoisomerides when a new centre of asymmetry is formed 
in a molecule which already contains an optically active atom 
{see Lowry; Ritchie). Partial asymmetric synthesis usually 
involves addition to an unsaturated group, e,g. the reduction of 
the ( “~)-menthyl ester of benzoyl formic acid (iv) to the ester of 
(~-)-mandelic acid (v), which yields the optically active acid (vi) 
(MacKenzie). The anisotropy induced in the n electron-orbitals of 
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radical results in preferential formation of one of the two configura¬ 
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number of types of partial asymmetric synthesis have been de¬ 
scribed ; a list is given by Balfe and Kenyon. 

Absolute asymmetric synthesis, which is the formation of an 
unequal mixture of stereoisomers when an asymmetric atom is 
formed in the absence of any other centre of asymmetry, is less well 
established. The possibility of its occurrence attracts attention 
because naturally occurring substances which contain asymmetric 
atoms are almost always found os only one of the possible stereo¬ 
isomers. Given the occurrence of an optically active substance 
(t.e. a collection of dissymmetric molecules in which one stereoisomer 
preponderates over the other), the formation of others in a variety 
of ways can be envisaged: but the mode of formation of the first 
optically active substance requires explanation (see Mills, 1932; 
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Ritohie). Asymmetric decomposition has been observed : a small 
rotatory power is reported in the products of the photochemical 
decomposition of humulene nitrosite when irradiated with circularly 
polarised red light {see Lowry). 

When an asymmetric atom, or other source of asymmetry, is 
formed by synthesis in the absence of any optically active centre, 
equal proportions of the two stereoisomers are produced; in the 
liquid state (solution or homogeneous) they form a mixture— 
“ racemic mixture On crystallisation, the racemic mixture may 
separate either as a conglomerate or as mixed crystals if the (+ )* 
and (—)- forms are isomorphous ; or a racemate may be deposited. 
A racemate is a compound which exists in the solid state within a 
certain range of conditions, e.g. of temperature. It bears some 
analogy to the alums, and some of its ph 3 rsical properties {e.g. 
melting-point or solubilities) are different from those of the (+)- or 
(—)- forms, which are identical in all res})ects except optical 
rotation. 

Substances in which the two halves of each molecule are mirror 
images, e.g. tartaric acid (vn), may exist in a form which is optically 

HO H 

\l 

O -CO,H 

I 

0 — 00,11 

/I 

HO H 

(VII) 

inactive because one-half of the molecule has the {+)-, and the 
other the (—)- configuration ; those are known as wpso-forms and 
the possibility of their separation into stereoisomers does not arise. 

The preparation of optically active substanc&s usually involves 
their separation from the synthesisctl racemic mixtiure or racemate; 
the separation is commonly described as (optical) resolution. If 
the two optical isomers differ in crystalline form, they may be 
separated by hand, as Pasteur did with the (-|-)- and (—)- sodium 
ammonium tartrates. If the substance undergoes enzyme-catalysed 
reactions, then it is often found that one optical isomer is preferenti¬ 
ally removed, leaving an optically aoti'<re excess of the other isomer. 
By far the most common method, however, is to combine the 
racemic substance with an optically active substance, e.g. a (±1 
acid with a ( f)- base. The two forms produced, (-}-)- acid (-+•)- 
base and (—)- acid ( f) base, are not mirror images and are known 
as diastereoisomerides. It is a fact that diastereoisomerides are 
distinct species, as illustrated by the sugars; for the simplest 
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example^ compare D-threose and D-erythrose. When the optically 
active resolving agent is covalently attached to tho racemic sub¬ 
stance, it is then to be expected that the two forms can be fractionally 
separated by physical methods, e.g. distillation, crystallisation or 
di^olution. Often the resolving agent and the racemic substance 
are linked in salt formation, though whether the salts are fully 
ionised may be open to question. If a deficiency of the resolving 
agent is caused to react with the racemic substance, it may react 
preferentially with one of the stereoisomers, so that the unreacted 
residue is optically active. A deficiency of the resolving agent may 
also be used in resolution by crystallisation, the separation then 
involving the difference in solubility between, for example, ( + )- 
base (—)- acid and base hydrochloride. 

Being a property which can easily be measured with a high 
degree of accuracy, optical activity is used for many analytical 
purposes. It has tho advantage of being directly related only to 
the optically active substances in the solution under examination, 
and its sensitivity to solvent effects can be used with profit, since a 
solvent can be chosen in which the rotatory power is comparatively 
high, and so the more accurately measured. Its analytical uses, 
for example in tho examination of sugars, are well known : a single 
observation can establish tho concentration of one sugar in solution. 
Its sensitivity to chemical changes (e.gr. the hydrolysis of sucrose, 
[«3d + 66-6°, to a mixture of glucose and lacvulose with [a],) - 40*5®) 
or physical changes (e.g, the rotatory power of tho mixture of equal 
parts of dextrose and Iscvulose passes through zero at a raised 
temperature, because Isevulose has the higher temperature coefficient 
of rotation) can also bo useful, enabling the composition of a mixture 
of several optically active substances to be deduced from several 
observations. 

An extension of the analytical uses of optical activity is its 
application to tho study of chemical equilibria. The rapidity and 
accuracy with which it can be measured, and the fact that the 
polarimeter tube can form a temperature-controlled reaction vessel, 
ice in many cases of particular advantage in this respect. Thus 
Wilhelmy’s measurements of the rate of hydrolysis of cane sugar 
gave an experimental foundation for the law of mass action, and 
later rate measurements on the same reaction by Ostwald and by 
Arrhenius were important in the development of the theory of 
ionic dissociation. The rate of mutarotation of reducing sugars 
(<,e* the formation of the equilibrium mixture of tho isomeric con¬ 
figurations of the a-carbon atom) has been used as a basis for 
discussion of the theory of unimolecular reactions (Kendrew and 

QQ 
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Hoelwyn-Hughes). Other examples of the use of optioal sotivity 
in stud 3 ung the interoonversion of labile isomerides have been 
reviewed by Turner and Harris. 

Measurements of optical activity have been used as a guide 
to molecular configuration, notably in tho sugar series (van’t Hoff’s 
Principle of Optical Superposition, Hudson’s Isorotation Buie : see 
Lowry, op. at.) and the sterols (Barton and Klyne). The principle 
of this procedure is that the partial rotations of individual asjrm- 
metric atoms in a molecule containing several such atoms is 
independent of the configuration (van’t Hoff) or structure (Hudson) 
of the other asymmetric atoms ; thus the configuration of one of 
these atoms can be deduced from the rotatory power of the substance 
if the partial rotations of the other asymmetric atoms are known. 
Tho method assumes that the individual asymmetric atoms do not 
affect each other’s partial rotations in the visible spectrum, and is 
therefore likely to apply only to substances which exhibit simple 
rotatory dispersion. 

In the study of the spatial distribution of the atoms, or groups 
of atoms, in molecules, optical activity is the only physico-chemical 
property which is applicable. It could bo argued that in its origin 
the method was empirical, since the reasons why spatial dissym¬ 
metry gives rise to optical activity were hardly understood, but it 
became established by such a wealth of practical observations that 
its validity cannot be questioned. Optical activity of liquids or 
of substances in solution is evidence of dissymmetry within tho 
molecules. This may be due to the presence of an asymmetric 
atom, for example, a quadricovalent atom of carbon, nitrogen, 
phosphorus, arsenic, silicon, tin, or a tercovalent atom of sulphur, 
selenium, tellurium. It may be molecular dissymmetry in which 
the molecules have no plane of symmetry though they do not 
contain an asymmetric atom {see Lowry, op. cit .); the first example 
of this type was provided by Werner (1912), who obtained the 



optically active forms vm and ix of the complex cobalt oaticui 
[en,Co(NH,)Cl]'*’''' (en = ethylene diamine). 
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A certain discretion is required in interpreting some parts of 
such work. Failure to resolve a substance into stereoisomerides 
does not prove the absence of asymmetry. It may be that the 
experimental conditions for the separation have not been foimd; 
or that the substance has an immeasurably small rotatory power, 
which is probably the reason why it‘..as not been possible to resolve 
substances in which the replacement of a hydrogen atotn by 
deuterium has made a carbon atom asymmetric (Buclianan ; Brown 
and Groot). It may be that the atom which is presumed to be 
asymmetric has, in fact, the required tetrahedral configuration, but 
of such a lability that one stereoisomer passes into the other so 
rapidly that only the racemic mixture can be isolated; this is 
probably the reason why asymmetrically substituted ammonias 
have not been separated into optically active forms (Maitland; 
Kincaid and Henriques). Furthermore, the delicacy with which 
optical activity can be measured, and the very wide range of 
numerical values within which the optical activity of a substance 
may lie, can give rise to erroneous conclusions, since an observed 
rotation derived from a very small proportion of an impurity of 
high rotatory power may be ascribed to a not unreasonably low 
rotatory power of the major component. This was the basis of the 
conclusions, which have since been amended (Kornblum, Lichten, 
Patton and Ifflend; Weiasberger), that tercovalent carbon atoms 
bearing electrical charges, in the salts of aci-nitro compoimds and 
in diazo compounds, can be sources of optical activity. 

Given that the optical activity of a compound has been correctly 
ascribed to an asymmetrically substituted atom, it remains to 
consider what conclusions may be drawn about the structure of 
the molecules of the compound. It may be concluded that the 
valencies of a quadricovalent optically active atom are directed 
towards the four apices of a tetrahedron, and that the atom is some¬ 
where inside the tetrahedron; or that a tercovalent asymmetric 
atom and the throe substituent groups are situated at the apices of 
a tetrahedron. But the observation of optical activity does not 
give any evidence that the tetrahedron is regular, or otherwise. 
Nor does it throw any light on the electronic make-up of the bonds, 
beyond the fact that they are covalent, not electrovalent. Thus the 
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observations of optical activity in sulphoxides (x), R'" = 0, 
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(PhiOUipB; Harrison, Kjenyon and Phillips) and sulphoniom ions 
(x) (Pope) show that in both types of compounds the sulphur atoms 
and their three substituents are so placed \rith respect to one another 
that two stereoisomeric configurations can exist; i.e. tetrahedrally. 
The optical activity of sulphoxides does not, however, provide 
information about the distribution of electrons in the sulphur-oxygen 
bond, which in fact is little different from that in a carbon-oxygen 
double bond (Phillips, Hunter and Sutton; Sutton). 

On the other hand, the occiurrence of optical activity may on 
occasion suggest a type of molecular structure which can be accepted 
because it is more plausible than any alternatives, and regarded as 
established when supported by a sufficient body of evidence. Thus 
the observation of optical activity in o-substituted diphenyl deri¬ 
vatives (xi and xn) was early realised to be best explained by the 




assumption that the axes of the two benzene rings are co-linear 
(Turner and Le Fevre ; Bell and Kenyon; Mills, 1926). In un¬ 
substituted diphenyl the rings can rotate lieely about the common 
C—C axis, but appropriate o-substituents restrict this rotation and 
do not allow the rings to be coplanar. The molecule, therefore, 
has no plane of symmetry. This hypothesis of restricted rotation 
is now supported by such a wealth of evidence, both in the diphenyl 
series and in others (for an example of restricted rotation about a 
Ph—bond, see Mills and Kelham), that it may be regarded as 
definitely established. 

Optical activity has a fairly wide application in the study of 
the mechanism of reactions of aliphatic carbon atoms, since it is 
often possible to prepare model substances in which the key carbon 
atom is optically active. It is not generally applicable to the study 
of aromatic reactions, because aromatic carbon atoms cannot in 
general be a source of optical activity, but it has been used in 
connection with diphenyl derivatives, in which the o-oarbon atoms 
can bo regarded as such a source (see above), if their substituent 
groups can impose the molecular dissymmetry which gives rise to 
pptical activity. 

There are three stereochemical outcomes of a reaction at an 
aliphatic carbon atom : the product may be optically active with 
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ihe same oonflgnration as the original material, or it may be optically 
active with inverted configuration, or it may be racemic. Retention 
of oonfigqration may be due to one of two mechanisms : in one, 
all the four atoms attached to the asymmetric carbon atom remain 
undisturbed, and group replacement occurs on the further side of 
one of these atoms, as in the most common mode of alkaline hydro- 
lysis of carboxylic esters (xra). In the other, the entering group is 
held on the same side of the asymmetric atom as the group which 
it replaces. The simplest example of this type is in the halogena- 
tion of secondary alcohols by thionyl chloride or by phosgene : 
under certain conditions, an intermediate sulphinoxy cMoride (or 
a chloroformate) is pro<luced. from which the chloride is formed 
with elimination of sulphur dioxide (or carbon dioxide), as indicated 
in (xiv) (Cowdrey, Hughes, Ingold et al.). The first of these 
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mechanisms evidently must produce complete retention of con¬ 
figuration, while the second may be, and usually is, accompanied 
by a certain amount of raceraisation, though the diifercuce can 
hardly be used for diagnosis. 

W^en the product of the reaction is racemic, then it h concluded 
that the central (asymmetric) carbon atom has passed through a 
phase in which it has momentarily been covalently attached to 
only three groups and therefore assumes a planar configuration. 

When the product of the reaction is optically active, and its 
configuration is the mirror image of that of the original substance, 
it is assumed that the central carbon atom has at no stage been 
attached to only three groups, but that in the transition state the 
replaced group and the entering group have been held on opposite 
sides of the central carbon atom. 

If the reacting substance is optically pure, then the reaction in 
which the bonds of the asymmetric carbon atom are not disturbed 
gives optically pure products. The other reactions which give 
optically active products are as a rule accompanied by some racemis- 
ation, and that which gives a racemised product does not always 
give one which is entirely racemic. It is desirable from the present 
point of view to classify the reaction profipcts as sobstantiaUy 
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optically active (whether of retained or inverted configuration) or 
substantially racemic, and to base the discussion of mechanism on 
these major features, ignoring the effects of minor side reactions. If 
the reaction product contains optically active and racemic products 
in comparable amounts, then the interpretation of mechanism 
becomes more difficult: two concurrent mechanisms can some¬ 
times be assumed, but the possibility that an optically active product 
has undergone a subsequent racemising reaction has to be borne in 
mind. 

It is established by a variety of evidence that the most common 
mode of alkajine hydrolysis of carboxylic esters is one in which four 
valencies of the carbinol carbon atom are not disturbed, and 
mechanisms involving (xni) are proposed. One of the lines of 
evidence is that if this carbon atom, C* in (xrn), is optically active, 
then the alcohol formed by the hydrolysis has the same configura¬ 
tion as the eater, and has suffered no loss of optical purity. It 
has, however, been found that when acid esters of dibasic acids 
with certain ojitically active alcohols are hydrolysed with dilute 
alkali, much racemisation occurs, but there is less racemisation 
during hydrolysis with concentrated alkali. The alcohols in 
question are those in which electron-releasing groups are attached 
to the carbinol carbon; such as substituted allyl alcohols (e.gr. 
(XV), R' = CHa. CaHa or Ph : R'' - CH 3 or Ph) or benzhydrols 
(e.gr. (xvi), R' = H, R" == OCH 3 ). Racemisation shows that the 


R'.CH(OH)CH =-CH.R'' 
(XV) 


K 



CH(OH>— y R" 
(XVI) 


O.CO.R ' + X)—R 

R' R”/1 

H 

(XVII) 

alkyl-oxygen CJ—O bond haa been broken (xvn) and that there 
has been a transient existence of a tercovalent oarbonium atom 
(probably carrying a positive charge). The argument suggests that 
the function of the dilute alkali is to bring the ester into solution 
in medium (water) which favours the ionisation (xvn), and on 
account of its comparatively low concentration of hydroxyl ions 
does not favour the alternative mechanism (xm). This argument 
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ha« been set out because it shows the separation between the 
observed facts (racemisation or retention of optical activity), the 
more or less incontrovertible conclusion drawn directly from them 
(breaking or not of the C—0 bond) and the suggested mechanistic 
interpretation. 

In the above reaction of carboxylic esters, observations of 
optical activity are used to indicate which bond in the reacting 
molecule has been broken. There is a large group of reactions of 
ahphatic carbon atoms in which the constitution of the products 
makes it clear which bond has been broken : we may take as 
examples the replacement of lialogon by hydioxyl, and the con¬ 
version of alcohols to halides (xviii) (xix). In these reactions. 
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any of the three stereochemical results (inversion of configuration, 
racemisation, or retention of configuration) may occur, and each 
requires its particular mechanism. The inversion reaction is, of 
course, the Walden Inversion, the first example of which was 
reported in 1896 (the name is now commonly used to cover all three 
types of reaction). It was early realised (e.g. by Fischer, and by 
Werner, 1911) that, when inversion occius, it is probable that the 
entering group has approached the face of the carbon tetrahedron 
opposite to the replaced group, before the latter has been released, 
and Lewis pointed out in 1923 the implication of this, that formation 
of the new bond and breaking of the old are concurrent. This 
view was adopted by Kenyon and Phillips, who also proposed that 
racemisation occurs if the replaced group separates from the molecide 
before the entering group becomes attached, leaving a tercovalent 
and hence raoemised central carbon atom. Since the study of 
these reactions has recently been reviewed by Hughes, further 
detailed discussion is not necessary here. 

Observations of optical activity can be used in the study of 
those molecular rearrangements in which one of the atoms which 
forms a new bond is optically active. If the product of the re¬ 
arrangement is optically active, it is argued that the rearranging 
molecule has not split into two kinetically free fragments, t.e. that 
the rearrangement is intramolecular. If the product is optically 
inactive, it is argued that the rearrangement is intermoleoular. 
&o£fman. Lessen and Curtius rearrangements of derivatives of 
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amides, which are converted via isocyanates to amines, are examples 
of intramolecular rearrangements, the amines being formed with 
little, if any, loss of optical activity. These rearrangements may 
be represented by the general formulae (xx) —► (xxm). The 
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rearrangement of a-phenylothyl p-toluenesulphinate to a-phenyl- 
ethyl p-tolyl sulphone is an example of an intcrmolecular rearrange* 
ment: the product is optically inactive and is therefore concluded 
to have been formed by the mechanism (xxiv) —► (xxvi). 
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Even in the field in which it is applicable, the use of optically 
active substances is not the only method available for the study 
of reaction mechanisms. The constitution of the reaction products 
can be an indication of the mechanism ; thus isomerisation in an 
alkyl group is evidence that the group has been free at some stage 
of the reaction. Cross reaction between the moieties of two mole¬ 
cules which are distinguished, e,g. homologously, and are undergoing 
the same kind of molecular rearrangement in admixture, is evidence 
that the rearrangement is intcrmolecular. Isotopically labelled 
atoms (mass- or radio-isotopes) can be used to follow the mechanism 
of reaction ; thus by use of O'® in the solvent water it was shown 
that in the alkaline hydrolysis of amyl acetate (Polanyi and Szabo), 
oxygen from the solvent appears in the resulting acid anion, and 
not in the alcohol, in accordance with mechanism (xm)^ Kinetio 
acc 
does 
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studieB can indicate whether the rate-controlling stage of the reaction 
is a change in one of the reactants, or involves a collision of two (or 
more) reacting entities. Each of these various methods has its 
advantages and disadvantages. The constitution of the reaction 
products must evidently be considered in formulating reaction 
mechanisms, but does not always directly indicate a mechanism. 
The other three methods do give an indication of what happens at 
some stage of the reaction, and so do directly bear on its mechanism. 
The methods which use optically active or isotopically labelled 
substances involve separation and purification of the reaction 
product, and so ensure that the discussion is based on major 
mechanisms and not on side reactions; both give an indication of 
which bond in the reacting molecule is involved in the reaction, 
and both give results which are simple of interpretation. The use 
of optical activity has had the wider application, since in many 
reacting substances the key atom can be optically active. The 
kinetic method provides information about the molecules (radicals 
or ions) which are involved in the critical stage of the reaction, but 
not necessarily about the particular bonds which are involved. 
Studies of optical activity, provided that they are practicable and 
can bo unambiguously interpreted (and both conditions hold in a 
wide variety of examples), provide a simple and valuable method 
for investigation of reaction mechanisms. Its simplicity accounts 
for its early use in this field; nowadays, it is evidently desirable 
that the methods which subsequently developed should be used in 
conjunction with it, so that the conclusions may be the more firmly 
established. 
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RECENT ADVANCES IN SCIENCE 

ASTRONOMY. By Michael W. Ovkndkn, B.Sc., F.H.A.S., University 

Observatories, Cambridge. 

An Intebbsting New Asteroid.— ^The first asteroid to be known, 
Ceres, was discovered accidentally by Piazzi on January I, 1801, 
a propitious start for the century which was to give birth to modern 
astrophysics. The discovery was imports nt, not only for the 
detection of a new class of planetary body of great significance to 
celestial mechanics, but also for tho impetus which it gave to the 
calculation of orbits, for, in order to meet the emergency occasioned 
by the passing of the object into the morning sky. Gauss developed 
his famous method of calculating an orbit from only three observa¬ 
tions. The next asteroid to be discovered by Olbers in tho following 
year, was Pallas, and tho intersection of the orbits of Ceres and 
Pallas led Olbers to suggest that the asteroids were fragments of 
a disrupted planet, a theory which has held the field, with modifica¬ 
tions, for nearly a century and a half. 

During the subsequent forty-three years, only three more 
asteroids were added to the list of discoveries, and it is understand¬ 
able that at this time the discovery of a new minor planet was a 
matter of the greatest importance and the keenest interest. With 
the increasing application of photography to astronomy, and the 
greater telescopic apertures available, the number of discoveries soon 
multiplied, and in the years before the second world war the rate of 
discovery was as high as one per day. It is true that many of the 
supposed discoveries proved to be re-observations of known objects, 
and many others were single observations from which no orbit could 
be deduced, but the most recent compilation lists 1535 minor planets 
which have been officially named, and for which some form of orbit 
is known. The task of computing orbits has thus become formid¬ 
able, and, for this reason alone, the astronomer who accidentally 
photographs the trail of an asteroid wiU, unless he be one who makes 
a special study of min or planets, give it little more than a passing 
glance. 

The importance of these bodies to celestial mechanics remains, 
however, and objects with unusually high motions, or possibly 
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tmtisiial orbits, may call for special attention. One such asteroid 
was photographed by Baade with the 48dnch Palomar Schmidt 
telescope on Juno 26, 1949. The trail from an hour’s exposure was 
2*7' long, indicating a rapid apparent motion, in spite of the fact that 
the object must have been approaching its stationary point. Subse¬ 
quent observations confirmed the motion of a degree a day, and 
Nicholson and Richardson have computed a preliminary orbit, an 
orbit which proved remarkable enough amply to repay the effort of 
computation (Richardson, Pvb. Aatr. Soc. Pacific, 61, 162-5, Aug. 
1949). The orbit is singular in more than one respect. It has a 
smaller mean distance from the sun, 90 million miles, than any other 
known minor planet or comet orbit, and an eccentricity so large that 
the body passes well within the orbit of Mercury, to within only 
22 million miles of the sun, while at aphelion it is beyond the orbit 
of Mars. 

The existence of such a peculiar orbit cannot but raise grave 
doubts as to the vahdity of Olbers’ suggestion of a commoA origin 
for minor planets in a single major planet which suffered disruption. 
At the same time, it suggests forcibly a physical connection between 
asteroids and comets. Comets are recognised by their nebulous 
appearance, and possibly, although by no means necessarily, by the 
development of a tail when close to the sun. It used to be thought, 
perhaps almost by way of definition for doubtful cases, that the orbits 
of asteroids had low eccentricities while those of comets had high 
eccentricities. With this minor planet, whoso orbital eccentricity 
is 0-762, and comet Schwassmann-Wachmann (I) with e = 0-136, 
to take only one comparison, the definition can clearly no longer 
hold, and the sole criterion of nebulosity remains. Even this is 
a difiScult criterion to apply, and the minor planet Amherstia was 
originally listed as comet 1917 VI. A further similarity between 
comets and asteroids is the existence of “ Families ” of both types 
of object which bear some relationship to the major planets. If, as 
seems likely, a comet gradually loses its activity with every perihelion 
passage, due to the loss of matter by solar radiation pressure, then 
a former comet might well become indistinguishable from a minor 
planet. Indeed, there seems reason to believe that no real physical 
distinction can be drawn between the two classes of object. 

At the time of discovery, the observed magnitude of the new 
minor planet was 16*0, but at its closest possible approach to the 
earth, a distance of 4 million miles, its magnitude should be only 12-5. 
From the apparent magnitude, the diameter of a minor planet whose 
albedo is known can be calculated. Unfortimately, this quantity is 
very uncertaiA, In to pbtam a consistent system of diameters^ 
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tbeimiue assumed by Baushinger, 0*24, is generally adopted, which 
in this case gives a diameter of 0-9 miles. How much significance 
can bo attached to such determinations is uncertain, for in the very 
few cases where a definite disc is observed and a direct determination 
of diameter can bo made (e.gr. Cores, Vesta, Pallas, etc.) great differ¬ 
ences in reflecting power from one asteroid to another are found. 
The largest asteroid known is Ceres, with a diameter of 480 miles, and, 
while few are known with diameters much less than a mile, there is 
probably a continuous variation from small asteroids to large meteors. 

If the new asteroid does not rotate about its axis, Richardson 
has calculated that, at its nearest point to the sun, the surface 
temperature would approach 1000° F., when it might become faintly 
self-luminous. Many asteroids show periodic changes of brightness 
attributed to rapid axial rotation, however, and such rotation would 
much reduce the surface temperature. 

An important possible use of the now asteroid may well bo the 
determination of the mass of the planet Mercury. This is one of the 
least accurately known of the planetary data, for perturbations by 
the other planets are slight, and no satellite is available. The 
accepted value given by Backlund of 1/9,000,000 that of the Sun 
depends almost entirely upon observations of the perturbations of 
Enoke’s comet. While the comet approaches closer to Mercury 
than the asteroid, the latter’s period of 343 days is only a quarter 
that of the comet, and therefore suffers more frequent perturbations. 
An illustration of our present uncertainty in the mass of Mercury is 
furnished by the recent analysis by Rabo of the orbit of Eros from 
1926 to 1946 (note in J. Brit. Astr. Aas., 60, 119), who obtains for 
Mercury’s mass a much higher value of 1/6,120,000 that of the sun. 

The discovery by Baade of the asteroid with the smallest known 
mean distance is an interesting sequel to his discovery a quarter of 
a century ago of the asteroid Hildago, which has the greatwt known 
aphelion distance. 

Radio “ Twinkunq.” —^No apology is needed for the frequent 
reference in this series of articles to radio astronomy, for, when an 
important new branch of astrophysics is in the ma^g, it is to be 
expected that significant new observations will be frequently 
reported. Not the least important advantages of the new astronomy 
was believed to be its relative immunity from the disturbing effects 
of the earth’s atmosphere, which constitute such an important 
limitation to observational accuracy at optical wavelengths. While 
it remains true that the radio astronomer does not suffer the frustra¬ 
tion of being ” clouded out,” some recently reported experiments 
iildioate that he cannot entirely neglect the vicissitudes of the 
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terrestrial atmosphere (Smith; Idttle and Lovell; Netiure, 

422, 423, 1950). 

The radio “ point-sources ” were first discovered by Hey, Parsons 
and Phillips, os a variable component of galactic radiation from the 
constellation Oygnus. The development of interference techniques 
for incmtising the resolution of the radio telescope quickly led to the 
discovery of other sources, many at high galactic latitudes. Some 
45 sources are now known in the northern hemisphere alone, but 
only the one in Cassiopeia is comparable in intensity with that in 
Cygnus. At first it was believed that the intensity of the Cassiopeia 
source was constant, but some variation was later reported (Ryle and 
Smith, Nature, 162, 462, 1948). 

It was originally supposed that these fluctuations were intrinsic 
properties of the radiation, and they were used to estimate the maxi¬ 
mum physical dimensions of the emitting bodies The first hint that 
all was not well appears to have been received by Dr. Pawsey and his 
collaborators in Australia. They found that, when simultaneous 
observations were made at widely separated sites, the fluctuations 
at the two receivers showed marked differences, suggesting a local 
origin for the fluctuations. With the Lloyd’s Mirror technique used 
in Australia (see a previous article, Scibncb Pboqbbss, 38, 275, 
April I960) the sources are observed only at very low altitudes, 
whore the extent and nature of ionospheric refraction effects might 
have been significant. Similar experiments were thus carried out 
by British workers. In one series, receivers at Cambridge and 
Jodrell Bank, Cheshire, were used, giving a separation of about 
200 km., on a wavelength of 3-7 metres. Although at any given 
time the amount of fluctuation at the two sites was in general 
similar, no correlation of individual disturbances could be discerned. 
The variations must therefore have been produced either in the 
earth’s atmosphere or, less probably, in the interstellar medium. 

Experiments with variable base-lines of 100 metres to 170 km. 
were then undertaken. It was found that the correlation between 
the two receivers was complete for separations of 100 metres, partial 
for about 6 km., and non-existent for 170 km., giving definite 
indication of atmospheric origin. Little and Lovell have suggested 
that the localised disturbances of ionisation densities and gradients 
known to exist in the F-2 region of the ionosphere might give rise to 
sufficient change in refractive index for appreciable fractions of a 
Fresnel zone to suffer phase reversal, the resultant interference 
giving rise to intensity fluctuations in the received radiation, 
a process which would be essentially analogous to the well-known 
phenomenon of twinkling observed at optical wavelengths. 
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However, Smith has suggested that such a diffraction explana¬ 
tion is not entirely satisfactory, for two reasons. The first is that 
simultaneous observations on two widely separated wavelengtlxs 
show great similarity, which would not be the case for any simple 
diL.action mechanism. Furthermore, if the variations were due to 
irregularities of ion concentration in the ionosphere, some correlation 
of the degree of disturbance with magnetic storms, aurorae and other 
ionospheric phenomena would be expected, but such significantly is 
not the case. But whether the mechanism is diffraction or not, it 
would seem to be undoubtedly an atmospheric effect. 

As well os these atmosi^heric fluctuations, which involve varia¬ 
tions both above and below the mean value, very occasional 
“ bursts ” t)f largo amplitude and short duration are observed 
simultaneously at two widely separated receivers. These may 
indeed be an intrinsic variation, but, in the light of earlier experi¬ 
ence, it would be wise to reserve judgment and await further 
observations ; the atmosphere may hold more unsuspected traps 
for the radio astronomer! 

Recent Expebiments on Seeing Conditions. —^Tlie radio 
twinkling ’Ms a recent discovery, whereas its optical counterpart 
has been recognised for centuries. While there can be no doubt that 
its origin lies in some form of atmospheric turbulence, and that any 
physiological effects such as that proposed by Hartridgo (Nature^ 
164, 999, 1949) can at beet be of secondary importance in the 
astronomical sphere, we can hardly claim to have a completely 
satisfactory picture of the mechanisms involved. Indeed, very 
little quantitative experimental observation of the effects of poor 
seeing conditions seems to have been made; perhaps the general 
complexity of any meteorological phenomenon has boon too great 
a deterrent. 

The matter is of the greatest importance in practical astronomy, 
for the consequent changes of size and position of stellar images 
represent the greatest single limitation to the accuracy of astrometric 
measurements. Simple diffraction theory leads to an imago 
diameter of 0‘13* for a 60-inch telescope, but in practice the photo¬ 
graphed diameters, being the integrated records of many mutually 
displaced momentary images, are usually some 20 times this 
theoretical limit. This inefficiency is due almost entirely to poor 
seeing, the contribution of photographic diffusion effects being 
almost negligible. 

Recently, a quantitative analysis of the various atmospheric 
factors contributing to poor resolution has been made by Gaviola 
(..4s<ron. J., 54, 165, 1949). His interpretation begins with the 



4^ ’ sdmiTOB fsomm 

assumption that the atmospheric inhomogeneities take the focm of 
inversion layers, an inversion layer being a stratum of warm air 
lying above a siratum of colder air, the “ wanner ” and “ colder ” 
referring not to actual temperatures but to “ potential tempera¬ 
tures ” which allow for tihe adiabatic lapse rate between the same 
regions of the atmosphere when in its equilibrium state. When 
a differential velocity exists between these two layers, boundary 
waves are supposed to be set up. Such a wave system will act as 
a series of weak lenses, alternately converging and diverging, and 
can be characterised by a wavelength L, a focal length F and a 
velocity V. The observed effects will, of course, be due to the 
superposition of various wave-systems at different heights, each 
producing its own characteristic effects, whose nature 'will depend 
upon the relationship between the aperture D and L, and the height 
H and F. The case of D < L/2 corresponds to the use of the naked 
eye, or a small telescope. Low waves, or waves of small amplitude 
whore H < F would then give rise to the dancing of a ftne image, 
but little change of brightness, or scintillation. If the height should 
be such that the eye or objective lies near the plane of the foci of 
the atmospheric lenses, then changes of both brightness and diameter 
of the image should result. For very high wave-systems, 'with 
H > F, the images should be large and steady. For larger apertures, 
with L > D > L/2, the images should be invariably larger than the 
resolution of the instrument, and showing scintillation again if 
H F. These predictions are in general agreement with practical 
experience, for twinkling of any kind is observed only with small 
apertures, which also show the smaller visual images. 

The assumption of a single, regular wave train must be an 
oversimplification. In order to examine the extent to which the 
ideal conditions are reproduced in the atmosphere, Gaviola focused 
a camera on the main mirror of the 60-inch reflector at Cordoba. 
With exposures between 0*1 and 0*01 seconds, he was able to photo¬ 
graph the shadows of the inversion-layer wave-sjrstems. In some 
cases, the overlapping of many different wave-trains produced a 
confused result, but frequently two or three individual wave- 
systems could be clearly seen. With such an arrangement, only 
waves with a suitable combination of H and F, and within a certain 
L-range, would have been recognised. In fact, wavelengths over 
the complete range from L ~ 1 cm. to L <-« 60 cm. were observed. 
The photographs clearly demonstrate that the state of atmospheric 
turbulence at any time can be represented to a sni^risingly good 
approximation by a (small) number of inversion-layer wave-systems. 
jHie duration of a wave-train may vary from fractions of a second 
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to some days in extreme oases, the persistence of a short-wave 
sys t em , L as 3 om., being attributed to the prevailing westerly 
winds at Cordoba above an inversion layer at a height of 4000 m. 

The demonstration of the existence of such coherent wave-trains 
led Oaviola to suggest that such a wave-train would be able to act 
as a diffiraction grating, and he interprets the images produced by 
Uurge telescopes, where D > L, in terms of this hypothesis. In 
order to observe such spectra, it proved necessary to avoid the 
dancing and pulsation effects, which he overcame by trailing the 
star images, for dancing would not affect the image size, and a few 
portions of the trail should give a width equal to the theoretical 
Umit. When such trails were examined in detail, definite fine- 
structure emerged, which Gaviola believes to be duo to the differing 
intensities of the various spectral orders. This interpretation is not 
without its difficulties, for in many cases the orders appear to bo 
asymmetric, or the zero order may be apparently absent altogether, 
but, since the observed spectra, if the fine structure be indeed due 
to this cause, would be the combined effect of many separate 
“ gratings ” of various heights and characteristics, too much 
regularity is hardly to be expected. 

The importance of this investigation lies not only in the inform¬ 
ation which it yields on the nature of the atmospheric processes 
involved in producing poor seeing conditions, but also in the 
suggestions made for overcoming, at least in part, these atmospheric 
limitations. Gaviolahas estimated,from his trailed images, that any 
particular interval of perfect seeing lasts for only about ^ second. 
If exposure-times of such short durations could be taken in any 
investigation, then selected exposures should have a definition 
approaching the theoretical limit. Such a procedure has been 
suggested by Hubble for solving the still vexed question of the 
existence of the “ canals ” of Mars, using the Hale telescope. How¬ 
ever, exposure-time, with a given instrument, is not a quantity 
which is much at the disposal of the astronomer, and it remains to 
be seen whether even the 200-inoh will have a sufficient light-grasp 
to record planetary details with such short exposures. With more 
modest apertures little, if any, work is available where such short 
exposures would be of any use. The application of the technique 
of trailing stellar images across the plate at a suitable speed (which 
would depend upon the magnitude of the star and the characteristics 
of the instrument) seems much more promising. If the fine-structure 
already described be visible, resolving powers close to the theoretical 
limit should be obtained, but, even if the speed is not large enough 
for this, the elimina tion of low-frequenoy dancing and pulsation and 

HB 
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the possibility of taking several measures on one plate would repre* 
sent a great advance on present astrometric techniques. Oaviola 
and his colleagues have already applied these methods to the 
measurement of double stars. If future progress fulfils the promise 
of these early results, a new era of double-star astronomy may well 
open, when perturbations due to planets in double-star orbits, at 
present known in only two of the nearest doubles, may become 
a common feature of interpretation. With all that this would imply 
for cosmogony, it would indeed be a major astronomical advance. 
Oaviola also suggests that trailed star images should bo taken as 
a prehminary to any photographic investigation, so that the present, 
admittedly inadequate, qualitative estimates of seeing conditions 
may be replaced by a standard quantitative scale. 

One of the earliest critical examinations of “ seeing ” was made 
by Schlesinger {Seeliger Featechrift, 1924; Mon. Not. B. Astr. 8oc., 
George Darwin Lecture, 1927) who has justly been termed “ the 
father of astrometry.” It is interesting to note that one of the 
affects of the atmosphere to which he drew attention has yet to be 
satisfactonly explamed. He found that early photographic measures 
af separations of faint stars were systematically more accurate than 
those of highly experienced visual observers, in spite of the latter’s 
advantage in following the dancing of an image which causes 
enlarged integrated photographic images. This resulted from the 
fact that all stars are photographed at exactly the same time, while 
the visual observer makes independent settings on both stars. This 
ivould not be significant were it not for the fact that the star images 
aver small areas of the sky have parallel motions, even under good 
seeing conditions, with periods of the order of a minute of time, and 
leviations of the order of a second of arc. 

The problems of seeing so far considered have been treated from 
the standpoint of night observation. During the day, for the solar 
abserver, the atmospheric turbulence is usually present to a much 
more marked degree, but the problem of steadiness of image may not 
be so serious, as very short exposures can be made. The solar 
abserver’s difficulties are dominated by atmospheric scatter, causing 
)ky brightness and reduced contrast. Some quantitative analysis of 
iky brightness has recently been undertaken by Fiaskovskaya- 
B’essenkova (Aetr. J. Soviet Union, 26, 176,1949), who has made the 
nteresting discovery that a one-to-one irolationship between the 
il^-brightness atpa given distance from the sun and the degree of 
transmission does not exist. Instead, two distinct curves emerge 
Tom the observations, one believed due to scattering by particles 
dust and smoke) and the other by molecules (water). The common 
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Ittaotice of estimating transparency from the brightness of the solar 
auriole may frequently be invalid ; even the scientist is not without 
his superstitions I There are grave difficulties in the way of the 
accurate measurement of sky brightness near the sun, because solar 
light scattered within the detecting instrument is usually many times 
brighter than the sky light. Evans of Harvard has built a special 
photometer to give accurate relative intensities of solar and sky light 
{J, Opt. Soc. Amer., 38, 1083-6, 1948). When the observations of 
this instrument are examined, it is probable that further fine- 
structure in the relationship of transparency to scatter will bo found, 
for it is tmlikely that the scattering processes in the atmosphere are 
limited in number to two. 

PHYSICS. By F. A. Vick, O.B.K., Ph.D., F.Inst.P., The University, 

Manchester. 

Some Applications op Physics in Mbwoinb (Part II).—1.—In 
a previous article in this series (Science Progress, 37, 682, October 
1949) some account was given of three current applications of 
physics in medicine, and it is intended now to give further examples 
to show how wide is the scope for the physicist who ventures to 
assist his medical colleagues. 

It is well known that some of the most difficult physical measure¬ 
ments to perform accurately are those involving heat interchanges, 
and the difficulties are, naturally, even greater when such measure¬ 
ments are made on human beings. For the clinical determinations 
of energy exchanges, direct calorimetry involves so many awkward 
problems that most investigators have used indirect methods based 
on gas analysis. There is real need, however, for a direct-reading 
calorimeter with a reasonably short response-time to examine the 
effects of muscular activity, certain drugs, sudden changes in 
environment, etc. An interesting paper on the design of apparatus 
for this purpose has just been published (T. H. Benzinger and 
C. Kitzinger, Kev. Sci. Instr., 20, 849, Doc. 1949.) In principle 
the whole of the inside of a calorimeter containing a human being 
under test is lined with a thin layer of a moderate thermal con¬ 
ductor, and the changes of temperature difference across this layer 
are recorded continuously. Sin/ «= KXO/d cal. per sec., where K 
is the thermal conductivity of thv .»yer of thickness d cm., A sq. cm. 
is the area and 0 is the temperature difference between the two sides 
of the layer, a measurement of d will be proportional to Q provided 
that K remains sensibly constant over the temperature range used. 
The temperature of the inner layer facing the subject in the calori¬ 
meter will determine his thermal environment, and this must not 
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vary much during an experiment. It is necessary, therefore, for 
the *' gradient layer ” to be thin, for the temperature fall across 
it to be small and for the exterior temperature to be kept constant. 
The calorimeter consists of a metal shell lined with thin uniform 
insulating material, the temperatures of the surfaces of which are 
measured by numerous thermocouples uniformly distributed over 
them. The whole calorimeter is immersed in a bath, thermo¬ 
statically controlled. 

Preliminary measurements and tests have been made with a 
small calorimeter 8 x 8 x 16 in. preparatory to the construction 
of a full-sized one 32 x 32 x 84 in. The walls are of aluminium 
plates J in. thick, and one side (8 x 16 in.) is removable. The 
inner surfaces are enamelled for insulation and lined with the 
gradient layer, consisting of cellulose acetate 0-030 in. thick inter¬ 
laced with copper and constantan strips 0-002 in. thick to form 
thermocouples, as indicated in Pig. 1. There is one thermojunction 
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for each square 2x2 in., and they are all connected in series to 
form a continuous chain. Each junction is bonded to the cellulose 
acetate (alternately on each side) with rubber cement, and the 
total number is 160. The surfaces of the layer are covered with 
enamelled copper sheets 0-003 in. thick, which are coated with flat 
paint. The calorimeter was tested by hanging in it various electrical 
sources of heat, immersing the whole in a water bath, and measuring 
the thermal E.M.F.S generated. Errors amounting to about 1 per 
cent, of a human metabolism at rest would result from a change 
in temperature of the bath by 3-6** C. an hour, and it is easy to 
thermostat more accurately than this. The response was found to 
be reproducible, stable and linear. The “ sensitivity ” was 136 pV 
per cal./sec. If the subject is completely surrounded by a uniform 
gradient layer each unit area of which responds with the same 
thermoelectric E.M.F., then the total heat transfer is represented 
by the total measured thermo-E.M.F. and is independent of the 
position of the subject inside the calorimeter, the directions of heat 
flow and its distribution, and the shape of the calorimeter. The 
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temperature fall across the layer for each calorie per sec. flow is 
less than 0*05® 0. There was no appreciable difference when the 
heat transfer was by radiation, conduction, convection and evapora¬ 
tion and condensation of water in various proportions. 

To function for living subjects the calorimeter must permit 
exchange of gases during respiration. Also, to prevent accumu¬ 
lation of moisture, there must be a ventilating current of air. Heat 
would enter or leave the calorimeter by these air streams unless 
such air leaves ati the same temperature and humidity as it enters. 
A considerable amount of heat is transferred to the inspired air in 
the lungs, and this must be measured. This is done by allowing 
the air entering and leaving the calorimeter to pass through heat 
interchangers immersed in the constant-temperature bath and 
recording the heat removed from the outgoing air by making it 
pass through another “ gradient-layer in the interchangor. Such 
a measurement also takes into account the heat interchanges result¬ 
ing from the change of humidity of the ventilating air stream. For 
accurate measurements, the following conditions must bo met: 

(а) exchange of heat in the connecting pipes must bo negligible, 

(б) the heat interchange between the circulating air and cooling 
bath must be practically complete, (c) the thermal E.M.F.s generated 
in the gradient layers must be proportional to heat flow, and equal 
in all parts of the calorimeter and heat exchangers. If these con¬ 
ditions are satisfied, the total heat exchange can be measured by 
adding the theimal E.M.F.s in series. 

Typical heat interchangers are described in the paper, and it 
was proved experimentally that the total heat measured under 
given conditions of generation was the same with or without cir¬ 
culation of air and whatever the distribution of heat between main 
calorimeter and heat interchanger in the air leads. The tests 
indicate that a ‘‘ gradient calorimeter ” appears to be reliable 
and convenient in use, and measurements made with the full-size 
instrument will be awaited with interest. 

2 . —In the previous article in this series (Soikncb Proobbss, 
38 , 283, April 1950) some account was given of recent work in 
Denmark on the physics of the heating of buildings. Closely 
related to this is, of coturse, the determination of the thermal con¬ 
ditions under which human beings feel comfortable and work most 
efficiently. Dr. T. Bedford has now given (Brit. J. Appl. Phys., 1, 
33, Feb. 1960) an account of work by him and others to determine 
these optimum conditions, bringing up to date pre-war reports. 
Measurements were made in twelve factories in a variety of industries 
of the temperature, humidity, air speed and radiation from the 
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surroundings at 4 ft. from the floor near the heads of seated workers 
carrying out light tasks. Temperature and air speed were also 
measured 6 m. from the floor. Skin temperatures on a hand, a foot 
and forehead of each worker were recorded, and also the mean 
surface temperature of the clothed body. ' Each worker’s response 
to questioning was classified on the following 7-point scale. 

TABLE I 

1 Much too wann. 

2 Too warm. 

3 Comfortably warm 

4. Comfortable. 

6 Comfortably cool. 

6 Too oool. 

7 Much too cool. 

These results were correlated with readings on various instruments, 
as follows : 

TABLE II 


Equivalent tomporaturo r ~ 0 52 

Qlobo theimomeUr reading r — 0 51 

Elfoctive tomfieraturo r — 0 48 

Air tomperaturo (dry bulb) r — 0 18 

Mean rtwliont temporaluro r — 0 47 

Dry Kata cooling power r | 0 43 

Ab8olul^ humidity r - 0 12 


where r is the correlation coefficient, within -t 0 01 standard error 
in each case. Equivalent temperature was calculated from the 
readings of Dufton’s eupatheostat, which is a blackened cylinder 
22 in. high and 'l\ in. in diameter, containing a heater thermo¬ 
statically controlled at 78® F. The surface of the cylinder is then 
at 75° F., about the average for a clothed human body. The 
power absorbed to keep tliis temperature is measured, and rate of 
loss of heat is related to the temperature of the surroundings. The 
globe thermometer indicates the combined effects of radiation and 
oonvoefion and consists of a hollow 6 in. copper sphere, coated with 
matt black paint, and containing an ordinary thermometer with 
its bulb at the centre of the sphere. Effective temperature is a 
scale widely used by heating and ventilating engineers in U.S.A., 
and takes into account air temperature, air movement and humidity. 
It was determined empirically, by experiment. The Kata ther¬ 
mometer is an alcohol one with a bulb about 4 ora. long and 2 cm. 
in diameter. In use it is heated and the rate of cooling between 
two fixed temperatures determined. It is used mainly for the 
determination of local air movement. 

It will be observed that there is little significant difference 
biBtween 4he first five correlation coefficients of Table II, which 
wtMj based on 2671 sets of observations. While atmospheric 
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humidity is of great importance when the temperature is high, 
at the room temperatures encountered it has comparatively little 
effect on the feeling of comfort. As a result of his measurements, 
Dr. Bedford gives comfort zones as in Table III below ; temperatures 
between which not less than 70 per cent, of people feel comfortable. 


TABLK in 

Equivalent tempnraturo 
Globe thermometer rooclmj? . 
Effective temperature 
Air temperature (tlry bulb) . 


62-68® F. 
67 -63® F, 
60^8® F, 


These temperatures are distinctly lower than those found desirable 
in U.S.A. Dr. Bedford also discusses some of the other factors 
which determine comfort, e.g. the conditions which give rise to 
a feeling of “ stuffiness.” Recent work has confirmed that, with 
the same equivalent temperature, warm walls and cool air lead to 
a fresher feeling than walls at air temperature or cooler. As a 
result of all the measurements, Dr. Bedford lists the following 
requirements for a comfortable and invigorating indoor environment. 

(i) A room should bo as cool as is comi)atiblo with comfort 
(see Table III). 

(ii) There should be adequate air movement but no draughts. 

At the temperatures usual in buildings in this country 
in cold weather air speeds below 20 ft./min. tend to 
cause feelings of stuffiness, whilst distinctly higher speeds 
are desirable in warmer weather. 

(iii) The air movement should be variaWo. 

(iv) The relative humidity should not exceed 70 per cent, and 

should preferably be well below this figure. 

(v) The mean temperature of the solid surroundings should be 

above air temperature. 

(vi) The air at head level should not be distinctly warmer than 

nearer the floor. 

(vii) The heads of occupants should not be exposed to excessive 

radiant heat. 

The work described is an interesting example of the use of physical 
measurements to make more quantitative rather vague expressions 
of feelings. 

Some useful figures of the temperatures of various parts of the 
skin and in deeper tissues are given in a paper by L. G. C. Pugh 
(Physiotherapy, 36, 3, Jan. 1960), For a man normally clothed 
and resting in air at 70° F., the average skin temperature will be 
about 92*6° F. but may be as low as 82-4° F. on the exposed hands. 
The temperature of the deep tissues under the same conditions is 
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about 98‘6° F., though measurements with a thermocouple show 
that the temperature of the blood returning to the heart from the 
liver is about 1 *8° F. higher than that firom the limbs. There is 
thus a temperatiure difference of about 6-7° F. between the deep 
tissues and the skin, and this is apparently effective over a depth 
of about 2 cm. These measurements enable calculations to be 
made on heat transfer through human tissues rather similar to 
those described for building materials in the last article (loc. dt.). 
Dr. Pugh gives figures illustrating the effect of a cold environment. 
Here again quantitative physical measurements are likely to yield 
very useful resxilts. 

3.—^The stethoscope is perhaps the most widely used physical 
instrument in medical practice, but, except in its simplicity, it 
leaves much to be desir^, especially for listening to heart sounds, 
etc., of such low frequencies that the ear is comparatively very 
insensitive. In recent years there has been increasing use of micro¬ 
phones, valve amplifiers and recorders, but some of them have 
been little more sensitive than the human ear. Improved methods 
are described and some typical results are given by A. Leatham 
{Postgraduate Med. J,, 25, 668, Nov. 1049). Microphone and 
amplifier circuits contain filters (aided in some cases by acoustic 
filters attached to the microphone) to enable the low-froquency 
response to be relatively great when desired. Three frequency 
ranges are found convenient. Crystal microphones (Rochelle salt) 
activated by diaphragms are now much used. The microphone is 
attached to the chest wall by suction or an adhesive. The amplified 
currents are recorded by either an Einthoven galvanometer or a 
cathode-ray oscillograph. Great care has to be taken to exclude 
extraneous noises. Though much good work has been done, there 
seems to be scope here for further work by physicists and electrical 
engineers in collaboration with medical colleagues. 

meteorology. By P. A. SuRPrAno, B.Sc., F.Inst.P., Iint>ertal 

College of Science and Technology, London. 

ThB CuMUtX>NIMBUS AND ThTXNDBBSTORM. 

Pabt II: Eleotbioal Phenomena. 

(continued from Soubncb PaoasBSB, No. 149, January 1960) > 

6. The Baokobodnd. 

There is stUl no satisfying theory of the origin of thunderstorm 
electrification, though there is, as for long past, no lack of suggested 
sources of the separation of charge. It is well then to remind our- 
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‘^selves at the outset that, if a theory is to satisfy, it must not only 
be consistent with the observed distribution of charge and field as 
to sense, level, etc., but oaust be able to account at least as to order 
of magnitude for the field strength and the rate of charge separation. 
Moreover, it must be consistent with, and indeed must build on, 
such knowledge as is available on the dynamics and physics (includ¬ 
ing microphysics) of cloud growth and decay. These properties of 
the cumulonimbus (Cb) have been discussed in Part I, but it may 
be useful to remind ourselves of some of them which seem to touch 
particularly on the generation of charge within cloud. 

We note first then that the Cb consists of one or more cells, 
each of which goes through a fairly well-defined life cycle in an 
hour or two; the earlier stages of the cycle are associated with 
updraughts, of appreciable horizontal and vertical extent, of order 
10 m.seo.~^, and the later (hail and rain) stages with downdraughts 
of the same order, with smaller upward motions persisting in parts 
to a late stage. ThA Cb is then in its broad dynamical and physical 
aspects at the utmost remove from a steady-state phenomenon. It is 
perhaps hardly necessary to remind the reader that, whether the 
air motion be upward or downward, precipitation elements will 
always fall with respect to the air and the smaller cloud elements, 
so that only the level or centre of gravity and not the nature of 
a charge separation process will be directly effected by the sense 
of the vertical motion. If, however, a change in sign of the vertical 
motion of the air leads ultimately to changes of phase or other 
physical properties of the cloud elements, charge separation processes 
may well be modified, destroyed or created. 

As to the microphysics of the Cb, still not well explored, we 
are at least fairly certain of a few projjerties which are likely to 
be of great importance in any treatment of charge-separation 
processes. When the air motion is upward and the cell is develop¬ 
ing, the cloud particles are almost certainly in the liquid phase at 
all levels, independent of temperature, except for a very few ice 
crystals at sub-zero temperatures. We must indeed regard the 
emergence of ice crystals at a rather advanced stage in the life 
cycle as the trigger for the production of precipitation from the 
cloud. Moreover, such precipitation as is observed could hardly 
occur unless the ice crystals remained relatively few until a quite 
advanced stage. For otherwise the cloud of supercooled water 
droplets would be quickly overseeded by an excess of centres of 
sublimation and the cloud would be almost as colloidally stable 
as in its earlier stages. In the final stages of the life-cycle there 
is in fact a very large production of ice crystals (the characteristic 
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anvil of the Cb ia mainly composed of them) and their abundance 
is possibly related to tho decay of the cell, through overseeding. 
Now a Cb becomes active electrically well before the cloud degener¬ 
ates dynamically (see for example Workman and Reynolds’ (1948) 
observations on single-cell Cb.) Consequently the chaige separation 
must take place when ice crystals and other solid elements—graupol, 
etc.—are in quite weak admixture numerically, with the relatively 
abundant water droplets above the 0° C. level. Any process depend¬ 
ing upon ice crystals alone or in relative abundance would only 
appear to be possible when the cell is decaying, electrically as well 
as dynamically. Finally, there is good reason to suppose that the 
production of precipitation elements follows very rapidly upon the 
emergence of a quite small number of centres of sublimation, through 
one cr more chain reactions whoso details remain to be determined. 

6. Thb Distribution of Charok 

With these dynamical and physical features as background we 
proceed to a consideration of the electrical phenomena themselves. 
We note first the strong evidence, furnished by several lines of 
investigation, that the Cb is essentially bi-polar with positive charge 
above negative, though with occasionally and perhaps often a strong 
local concentration of po.sitive charge beneath the main region of 
negative charge and the 0” C. isotherm. The separation of the 
charge leading to the main dipole occurs, however, at sub-zero tem¬ 
peratures. The general level of the field within and below the 
active Cb is of the order of 100 v. cm." ^ and only very locally does 
the field rise to the sparking limit two orders of magnitude greater. 

7. This Ciiarqinq of Cloud Elements 

Findeisen (1940, 1942) has performed laboratory experiments 
upon the charge separation associated with changes of phase involv¬ 
ing ice with the following results : 

(i) Positive charge is acquired by an ice crystal growing from 

the vapour, the corresponding negative charge being 
carried away on ice splinters breaking from the parent 
crystal, as already discussed in another connection in 
Section 2 (Part I). 

(ii) Negative charge, greater in rate of production and maximum 

amount than in (i), is acquired by an evaporating ioe 
crystal or graupel, the separation again being asspoiated. 
with splinter formation. Findeisen attributes the differ¬ 
ence in sign in this case to the development of facet forms 
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of crystal which do not apparently prevent splinter 
formation. 

(iii) Positive charge, much greater in rate of production and 
maximum amount than in (i) or (ii), is acquired by a 
graupel or hailstone which rimes under bombardment 
from supercooled droplets, and splinter formation is 
again involved. The electrification ceases if glazed ice 
instead of rime occurs on the element.* 



Hea\/y ram 

Light rain Graupel^ Hail 


I Condensation I Sublimaiion 

Graupe! | Jee ei^aporation 

formatior} 



Fio, 4.—(o) The mjcroph 3 rsioal processes in a Cn>, according to Findoison. (6) The 
distribution of charge rosultmg, according to Findoison, from charge separations 
involved with tho ice phase. 

Following those experiments Findoison elaborated a picture of 
thundercloud structure which draws only on the above three pro¬ 
cesses for the generation of charge and which he considered would 
be consistent with the known electrical structure of the cloud. 
This picture is shown in the two parts of Fig. 4, and is qualitative 

* This conclusion may need to bo qualified if tho rate of deposition of 
water is so rapid that the water which cannot bo frozen streams off the 
Rasing hail (see below). 
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only—a serious limitation. Even qualitatively, however, there are 
objections. Thus, the negative charge towards the base, ascribed 
to the evaporation of ice crystals, could only arise during cell decay. 
In the earlier, but still rather late, stage when numerous crystals 
are formed either by growth from nuclei or by splintering from 
riming graupcis, the sense of charge separation is opposite to that 
required by the observed polarity of a Cb. Wichmann (1949) has 
elaborated Findeisen’s picture without, however, adding greatly to 
its appeal. Moreover, recent experiments by Kramer (1948) have 
thrown some doubt on the validity of Findeisen’s laboratory results. 
In a notoriously difficult field of work Kramer found that a riming 
graupel became positively charged during the initial period only and 
was followed by negative charging. He was also unable to detect 
negative charging during the evaporation of ice crystals. 

Ross Gunn (1946) found that molting ice acquired substantial 
positive charge, the negative charge being carried away by bubbles 
of occluded air, liberated during evaporation. Thus melting snow¬ 
flakes or hail would give rise to positive charge below the 0° C. 
level. This region has also been supposed by Simpson, following 
I.ienard, to provide separation of the same s^ise due to the break-up 
of large raindrops. But Gill (1949) has shown that the sign of 
charge developed by breaking drops depends on the direction of 
the field, upwards or downwards, and the amount of the charge 
on the magnitude of the field—an instance perhaps of the Wilson 
infiuences mechanism in operation. There may perhaps be an 
analogue of tliis process at higher levels if hailstones shed (super¬ 
cooled) water during the building up of their glazed ice shells. It 
is not, however, iK)ssibre at present to assess the importance of any 
of these processes. 

Observations on the charges carried by precipitation elements 
within cloud have been made by Ross Gunn (1947) in aircraft 
flights through Cb producing rain but not thunder. Ho found 
negatively charged elements only 1,000 ft. or more below tho 0® 0. 
level and positively charged elements only 8,000 ft. or more above 
that level, an admixture of signs occurring at intermediate levels. 
The number of such elements was about 400 m.""* and the average 
charge 0 06 e.s.u. Such volume charges are sufficient to account 
for the observed fields, allowing some volume charge of opposite 
sign to reside on the cloud particles proper. The distribution is 
also consistent with observed Cb polarity and with Serose's (1938) 
observations on the electrification of rain at the surface from 
thunderless showers. The electrification of rain from thunder¬ 
clouds is more complex, positive and negative drops occurring 
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together with almost equal frequency though the net charge may 
be systematically positive or negative over appreciable intervals 
of time. Boss Gunn (1949) finds that on average the charge q on 
a drop is related to its radius r by g = 2-8r* e.s.u. for r > 0-3 mm., 
independent of sign, while the maximum charge observed on a drop 
of radius r was lOr* e.s.u., which corresponds to a field at its surface 
at which discharge will occur if the drop is distorted somewhat 
from the spherical. Simpson (1949) measured the net charge on 
rain in bulk and found that with the surface field numerically 
greater than 20 v. ora.~^, with or without thunder, the sign of 
charge was opposite to that of the field (by convention a positive 
field is one which drives positive ions downwards). The rain 
current was proportional to the square of the field strength, i.e. to 
the natural point discharge current from surface objects, and 
Simpson considers that the rain derives its charge from this source 
of ions. In that case the sign of charge on precipitation elements 
aloft is not necessarily related directly to the sign of their charge 
at the ground—for the field near the ground may depend on other 
factors than the charge on precipitation elements aloft. 

8. Frenkel’s Theory of Cloud Electrification 

J. Frenkel (1944, 1946, 1947) considers that the electrification 
of clouds arises primarily from the polar nature of the water mole¬ 
cule, which gives rise to a potential drop across the surface of a 
water droplet or ice crystal of 0-25 volt (Temkin, 1944). In an 
ionic atmosphere this results in a water droplet or ice crystal 
acquiring a negative charge q proportional to its radius r (q - t\ 
where F = — 0-26 volt), leaving the air with a net positive charge. 
(The system ia^ iialagous to a colloidal electrolytic solution). 
Gravitational separation of the cloud particles then leads to a 
polar cloud with positive charge uppermost. If the gaseous or 
large ions were wholly deprived of mobility, i.c, fixed relative to 
the air, cloud particles would sink until their weight was balanced 
by the electric force produced by the polarisation of the cloud and 
the upper limit of field strength E in the cloud, assumed spherical, 
would be 47rgrr*/(3V), i.c. with r = lO"”* cm., E = 1200 v. cm.“^. 
In fact, the ions are mobile and the upper limit to the field strength 
is determined by the fact that in a steady state the convection 
current Nge carried by the droplets (N = no. of droplets per unit 
volume, moving with velocity i; with respect to the air) must equal 
the depolarisation current AE due to the ions, where A is the specific 
conductivity of the air. With r = 10“ * cm., v = 0-3 cm. scc.“*, 
N « 200 cm.“® (corresponding to a water content of 1 gm. m.“*), 
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and A = 2 X 10“* soo.“^ (ita value near the ground—is probably 
lower in a cloud), E — 100 v. cm." ^ which is of the observed order 
of magnitude in showery weather. As Simpson and his co-workers 
(1937, 1941) in their alto-electrograph flights showed, the higher 
field strength necessary for the initiation of a lightning flash must 
be quite localised, and this is due in Frenkel’s view to precipitation 
elements which are unable to attain their equilibrium charge, 
— 0 26r, on account of a high rate of absorption of charge by 
collision with the cloud droplets. This high rate of charging is 
considered to lead to electrical breakdown at the surface of the 
precipitation elements and we have already seen that Boss Gunn 
has observed charges bordering on this limit. 

It will be noted that the above argument applies to all clouds. 
The Cb, however, which is charactensed by larger water contents 
than other clouds, is capable of generating a greater field, since for 
a given conductivity the field is proportional to N^v, which in turn 
is roughly proportional to the mass of water per unit volume (accur¬ 
ately so if the droplets obey Stokes’ Law). There are of course 
other difierences than field strength between Cb and other clouds 
—sec, for some of these differences, Simpson (1949). Here we note 
only that the point discharge current which sets in at surface 
excrescences in high fields is capable of modifying appreciably some 
of the electrical phenomena to be observed at the surface. 

Again, the argument presented above taken no account of the 
Wilson influence mechanism which operates to charge a drop in an 
ionised atmosphere in a sense opposite to the field through which 
it falls. Frenkel argues that the infiuence mechanism does not 
affect the essential charge separation process, though it may be 
important' in explaining some aspects of precipitation electricity. 
Moreover, Frenkel disputes that the influence mechanism has the 
effect commonly supposed and for which Gott provided some, 
though not conclusive, experimental evidence. He argues that the 
sign of charge is that of the greater polar conductivity, viz. A+, of 
the positive ions, the amount of charge being approximately 


X — X 

-f- »’*E. For r sufficiently small this charge decreases insig- 

nificantly the “ fundamental ” negative charge rV, but grows in 
importance with r until at r = 0'2 mm. (a small raindrop) it 
destroys the negative charge in a field of 100 v. cm.“^for A+/A_=*l*3 
(Frenkel gives the necessary field under the assumed r and A+/A_ 
as 1 V. cm.~*, presumably an arithmetical error, but an important 
one, as the lower value would affect the sign of light and moderate 
steady rain, during which the field is normally only a few volts 
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per cm., whereas the higher value would imply that rain falling in 
a steady small field should always be negative—it is overwhelmingly 
positive). Frenkel objects to the Wilson influence mechanism 
because a drop carries the air in its immediate neighbourhood with 
it by viscous action and so he considers that gravitational fall 
cannot give rise to selective absorption of the ions. We note, how¬ 
ever, that the carriage of air is only partial. Whipple and Chalmers 
(1944) computed the absorption under various assumptions, includ¬ 
ing the case of viscous flow (Stokes’ Law for a sphere) and obtained 
a final charge of order —r*E in most cases, but zero charge, or of 
the same sign as E or as the initial charge, in others. It cannot 
yet be said that even the semi-quantitative operation of the influence 
mechanism as it applies to conditions in and below Cb is known, 
or even whether it is important within the cloud, where ice as well 
as water has to be considered {see Chalmers, 1947). But it is un¬ 
questionably important, if not yet fully resolved, in regard to the 
precipitation re^iching the ground. In the simpler case of quiet 
rain from stratiform cloud there is still much difficiilty, for, whereas 
Whipple and Chalmers obtain a charge per drop of about — 0*5Er* 
e.s.u, for these conditions, it may be inferred from the observa¬ 
tions of Simpson (1949) that the charge is then in fact given by 

— 18(E — 0 013)r^ e.s.u.—it is perhaps a matter for congratulation 
at this stage that the same two variables only ar% involved in each 
expression ! 

We have digressed rather from our discussion of Frenkel’s 
theory in following up the effects of the influence mechanism, and 
in concluding this article would re-direct attention to that theory. 
Frenkel has argued the matter very closely in his first two papers 
and we have certainly not done it justice in the summary given 
above. Some parts of his argument are obscure, and some of his 
conclusions imcertain, in a numerical sense, on account of uncer¬ 
tainty in the magnitudes of some of the critical parameters. But 
the theory has been worked out in extenso, e,g. in regard to the 
rates of the various processes, and difficulties are faced. It is 
unlikely to be final—that almost certainly must wait on further 
knowl^ge of Cb microphysios generally—^but it is a theory which 
merits greater attention than it has so far received in the literature 
of the subject. 
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ORGANIC CHEMISTRY. By A. W. Johnson, M.A., Ph.D., A.R C.S., 
University Chemical Laboratory, Cambridge. 

ANTi-ABTumno COMPOUNDS, —The last year has witnessed an 
enormous publicity given to certain organic compounds which have 
been applied successfully in the treatment of arthritis and other 
rheumatic complaints, and the latest indications are that they will 
be also beneficial in several other diseases. The economic produc¬ 
tion of these substances presents a major challenge to present-day 
organic chemists and biochemists, and a tremendous effort is being 
put into this field both in academic and industrial laboratories, so 
there is no doubt that the next few months will witness many 
spectacular sidvances in this subject. Any review of the work at the 
present time must therefore be regarded only as an interim report. 



(I) (II) 

Much of the chemical work so iar carried out has concerned 
certain steroids, in particular cortisone (i), the monoacetate of 
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ll-dehydro-17-hydroxycortico8terone, compound E, which is one of 
the group of adrenal cortical hormones. 

Besides cortisone a few other compounds have been reported to 
show similar activity. In the steroid group, the monoacetate (ii) of 
17-hydroxycortioosterone, compound F, is active, although it is more 
difficult to obtain than cortisone. Activity has been claimed for the 
acetate (m) of ll-de8oxy-17-hydroxyoortioosterone, substance S; 
the combination of the acetate (iv; “ Doca ”) of ll-desoxyoortico- 
sterone with ascorbic acid (Lancet, 1949, 257, 993); A®-prognen- 
3^-ol-20-one (v), and the monoacetate (vi; “ Artisone ”) of 

A‘-pregnene-3:21-diol-20-one (Chem. Eng. News, 1950, 28, 662) 
although those claims arc still largely unsubstantiated. 



(Ill) 


(IV) 



CO CH, 


no 



CO.CHgOAc 


(V) 


(VI) 


Of outstanding importance in the non-steroid anti-orthritio 
compounds is the adrenocorticotropic hormone (AC!TH), which is 
a protein isolated firom pituitary glands and which stimulates the 
pr^uction of several a^nal honnonra. This compound is dis¬ 
cussed in more detail at a later stage. | mally glucurone (probably 
vn), the lactone of glucuronic acid, has been claimed to bo effective 

II 
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in about 60 per cent, of the oases tested, depending on the type and 
cause of the arthritic condition {Chem. Eng. Neivs, 1950, 28, 44). 

on OH 

I H I 

HO.CH-C-C-C-C-CO 

H I H H I 

L _ — o— 

(VII) 

Cortisone. —Compound E is one of the twenty-eight crystalline 
substances isolated from the adrenal cortex and was first isolated in 
1936 in three different laboratories. Winterstoiner and Pfiffner 
{J. bid. Chem., 1936, 114, Ixxx; 116, 291) designated the product 
“substance F”; Reichstein (IJelv. chim. Acta, 1936, 19, 1107) 
named it “ substance F, “ and Mason, Myers and Kendall {J. hiol. 
Chem., 1936, 114, Ivii, 613 ; 116, 267) called the substance “ com¬ 
pound E,” by which name it is commonly known today. Steiger 
and Reichstein {Helv. chim. Acta, 1937, 20, 817, 953) showed the 
three compoimds to be identical and to have the structure (i; 
—OH group at Cm). For several years compound E along with the 
other cortical honpones was available only in very limited amounts, 
but the discovery of alternative sources, particularly partial 
syntheses from more readily available materials, enabled a fuller 
evaluation of its physical properties to be made and led to the 
dramatic announcement of the successful application of cortisone 
in the treatment of arthritis (Hench, Kendall, Slocumb, Policy et al, 
Proc. Staff Meet. Mayo Clinic, 1949, 24, 181, 277). The necessary 
dose of cortisone required for relief is some 100 mg. daily and the 
total amount of the drug required is thus very substantial—it is 
estimated that there are seven million arthritis patients in the United 
States alone. There is, however, preliminary evidence that the 
administration of these relatively large quantities of adrenal 
hormones may bring about secondary disorders, similar for example 
to Cushing’s syndrome, but full information on this point is still 
awaited. 

As the preparation of compound E in large quantities from 
adrenals is quite impracticable, most of the work on this substance 
has been concerned with its production either from alternative 
sources or by partial synthesis. It has been known for some time 
that in normal mine there is present a large variety of keto-steroids 
{e.g. JB'ieser and Fieser, Natural Products Belated to Phenemthrene, 
New York, 1949, p. 490; Liebermonn, Dobriner et al., J. biol. Chem., 
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1946, 166 , 773 ; 1948, 172 , 263 ; 1950, 182 , 299) including several 
11-oxygenated steroids, and quite recently (Science^ 1950, 111 , 61 ; 
J, bioL Chem., 1050, 183 , 365) Scheider has reported the isolation 
of compound E from normal male urine (32 mg. from 1000 1.). It 
has also been found that compound F (ii, —OH group at Cji) can be 
isolated from the urine in a case of Cushing’s syndrome (191 mg. from 
a 25-day collection) (Mason and Sprague, J. bid. Chem., 1948, 176 , 
451) and probably also from the urine of patients who had undergone 
major surgical operations or who had been treated with cortisone 
(Mason, ibid., 1950, 182 , 131). 

A further important recent observation is the realisation of direct 
bio-oxygenation of steroids in the 11-^-position by perfusion through 
isolated adrenal glands (Hechter, Jacobsen, Jeanloz, Levy, Marshall, 
Pincus and Sclienker, J. Amer. Ghent. Soc., 1949, 71 , 3261 ; Arch. 
Biochem., 1950, 25 , 457). Oxidations of ll-desoxycorticosterone 
acetate (rv), ll-desoxy-17-hydroxyeorticosterono acetate (in) and 
androsterone and further similar reactions arc in progress. 

The main difficulties of any partial synthesis of cortisone are the 
introduction of the oxygen atom at Cn and the building up of the 
ketol side-chain. These will be considered in turn, but the methods 
available for overcoming these formidable obstacles unfortunately 
involve many stages and the yields of the final products are very 
small. Tlie overall yield of cortisone in the 37-step process from 
deoxycholio acid, as worked out by Sarett and which is the preferred 
source at present, is of the order of 0 05 per cent. With regard to 
the Cii oxygen atom, the available chemical methods for its intro¬ 
duction have been summarised by Fieser and Fieser (loc. cit., p. 452) 
and by Reichstein (Chimia, 1950, 4, 21, 47) and require as starting 
material a steroid either with an oxygenated substituent at Cn or 
Cia or an unsaturated linkage at Cn 12 . Thus, as there arc very few 
Gii oxygenated steroids which occur naturally, the most common 
starting products are the bile acids containing a hydroxyl group at 
C 12 , e-g* deoxycholio acid (vm) from ox bile. 



(VIII) 


(IX) 
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The conversion of the Ci* hydroxy-, or the unsaturated 
steroids formed from them by dehydration or through the Ck 
aoyloxy compounds, to 1 l-ketosteroids may be oanded out as follows. 
Full details will be found in the original references. 

(i) Lardon and Reichstein, Ildv. chim. Acta, 1943, 26, 747 and 
later papers: 


OH 
I Mo 





Zn/HOAo 


(ii) Gallagher et al., J. biol. Chem., 1946, 162, 495-649: 



(iii) McKenzie, Mattox, Engel, Kendall el al., ibid., 1946, 162, 
666, 671 ; 164, 669 ; 166, 346 ; 1948, 173, 271 ; 176, 249 : 



OH 





HO 
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Any steroid already oxygenated at Cu is thus worthy of very 
careful consideration as a possible starting material for cortisone. 
Such compounds are rare and sarmentogenin (ix, a heart poison 
which occurs in the South African plant Strophanthus sarmentosua, 
is an outstanding case (Katz, Helv. chim. Acta, 1948, 31, 993). 
There appears, however, to be some confusion in the systomatics of 
the genus Strophantus (Beichstein, Chimia, loc. cit.) and expeditions 
have been sent to Africa to assess various species. It has been 
repeatedly emphasised that oven if a suitable source of sarmentogenin 
is found, the production of this tropical plant on a large scale must of 
necessity be a long-term proposition. Another Cu oxygenated 
steroid, gamabufotalin, has been described recently and has been 
assigned the structure (x) (Meyer, Hdv. chim. Acta, 1949, 32, 1599). 
It is obtained from the skins of certain Chinese and Japanese toads 
(36 g. from 6000 skins) and is imlikely to be available in quantities 
sufficient to meet the demands for cortisone. 

Marker (Chem. Eng. News, 1949, 27, 3348 ; J. Amer. Chem. Soc., 
1949, 71, 2660) has made a study of the various steroidal saponins 
which are oxygenated in the Cj, position, and botogenin (xi) may 
be taken as a typical example of the eight cases described. These 
sapogenins are converted to pseudosapogenins with acetic anhydride 
and the latter are oxidised with chromic acid to derivatives of 
6:16-pregnadien-3-ol-12:20-dione (e.g. xn). However, from the 
point of view of early supplies of cortisone, a caution against over¬ 
optimism regarding these saponins as raw materials has been given 
by Williams (Chem. Eng. News, 1949, 27, 3616), even granting that 
in many oases the plants are non-tropioal and the saponin content is 
relatively high (up to 10 kg./ton of plant). 
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The second major problem in any synthetic approach to cortisone 
is the building up of the carbon side-chain on 0 ^ 7 . A number of 
methods have been described for this, the earlier routes comprising 
the degradation of the sterol or bile acid to a 0^7 ketone followed by 
the re-addition of two carbon atoms and the later methods largely 
being transformations of the pregnane ketones. The original 
method of Reichstein and von Euw {Helv. chim, Acta, 1940, 23, 
1114, 1268) was as follows, the intermediate (xm) having previously 
been described by Butenandt and Petei^i (JSer., 1938, 71, 2688). 

Space does not permit the full detail of those various methods of 
building up the side-chain at C 17 and the formulco given are con¬ 
cerned only with the reactions of the side-chain. Other reactions 
are often necessary to introdtice the keto group at C 3 or the A^-double 
bond and the originals must be consulted for the complete syntheses 

(i) Sarett, J, bioL Ghcm., 1946, 162, 601 : 

C‘CH 

“ iSi ! X)H Jii \Am 

X X 

CH,OAo CII.OAo CH.OAo 


CHOAc 


CHOH 


CH.CH.OH O.O . I Qjj j .OH I ,,Ott 

A A X\ A 

(ii) Sarett, J. Amer, Chem, Soc., 1948, 70, 1464 1949, 71, 2443 : 
OH.OH CH.OAc CH.OAu 

I j I 

CO HCN ; C(OII)CN — KiO C.CN OsO. 

A ~ 

CH.OII CH.OAc 

L(0H)CN —HcN: Lo 

OH “ZTT*' 1 .-OH 


(iii) Koeohlin, Garmaise, Kritchevsky and Gallagher, ibid., 1949, 
71, 3262: 

cn, CH,Br 

CH, CH, I I 

Ao,0 I PhCO.H CO Br, CO H.O 

fcO -► C(OAo) .OH ..OH 

A /\ /\ /\ 

CH,OH 
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(iv) Wagner and Moore, J. Amer, Ch«m. 8oc,, 1949, 71, 4160: 


CH, CHBr, COOH 

bo Br, bo KOH 'CBr 

A ^ 1/“’ “ A 

CH.OAo 

\x) 

OH 


CH.OH 
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(v) Julian, Meyer, Karpel and Ryden, ibid., 1949,71, 766, 3574 : 



CH* 

CHgBr 

CH. 
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1 

CO 
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CO 
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It will be obvious from the above that at the present time there 
is no convenient source of cortisone and that the methods of partial 
synthesis are difficult, involving many stages with consequent low 
yields. It is probable that other methods of production remain to 
be discovered, e.g. a microbiological source would be especially 
attractive; furthermore it is possible that the cortisone molecule 
will be simplihed in such a manner that the biological activity is 
preserved and the adverse secondary effects are diminished. It may 
be also that the preferred agent will not be a steroid, and indeed a 
most promising approach to the solution of the arthritis problem lies 
in the adrenocorticotropic hormone (ACTH), the early work on which 
has been reviewed by Li and Evans {Vitamins and Hormones, 
New York, 1947, 5, 197). ACTH was first isolated from the 
pituitarics of sheep (Li, Evans and Simpson, J. bkl. Chem., 1943, 
149 , 413) or pigs (Sayers, White and Long, i6td., 1943, 149 , 426 ; 
I^hman, ibid., 1947, 167 , 426). The stimulating influence of the 
pituitary on the function of the adrenal cortex has been known for 
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many years and more recently it has been shown that in humans this 
stimulation is accompanied by increased excretion of 11-oxygenated 
steroids. In 1949 it was announced that ACTH was active against 
rheumatoid arthritis (Hench, Kendall, Slocurab and Polley, Proc. 
Staff Meet., Mayo Clinic, 1949, 24, 181) and other physiological 
properties of ACTH have also been described (Chetn. Eng. News, 
1949, 27, 3306 ; Lancet, 1950, 258, 169). The hormone is a protein 
of molecular weight about 20,000, but Li (let Intemat. CoTigr. 
Biochem., 1949, Abs. of Communications, p. 386) has reported that it 
retains its potency, in rats, after partial hydrolysis with pepsin or 
acid. Thus the hormonal activity resides in the hydrolysed frag¬ 
ments of the original protein molecule, and it was estimated that 
these fragments contained an average of seven or eight amino acids. 
It has since been demonstrated (aeeaZ«o Brink, Meisinger and Folkers, 
J. Amer. Chem. Soc., 1950, 72, 1040) that such pepsin digests of 
ACTH are active in cases of rheumatoid arthritis. Other methods 
of preparing potent adrenocorticotropic preparations depending on 
methods of extraction and ultra-filtration have been described 
(Curtis-Jones, Crooke, Henley, Morris and Morris, Biochem. J., 1950, 
46, 173 ; Morris and Morris, Lancet, 1960, 258, 117). It is probable 
that the established methods of peptide analysis will enable the 
structure of the active fragments of the ACTH molecule to be 
determined and there is also the possibility of the synthetic approach 
to these molecules. Meanwhile the production of ACTH is still very 
small and the isolation procedure is lengthy, so that the clinical 
evaluation of the substance is still largely experimental, but the 
solution to the cortisone problem may well come from the further 
studies on ACTH. 


BIOCHEMISTRY . By C. Long, M.A., B.Sc., D.Phil., Department of 
Biological Chemistry, Univorsity of Aberdeen. 

Recent Studies on Phospholipins 
(continued from Soiekob Progress, No. 150, April 1960) 

The Action op Enzymes on Phospholipins 

Many publications dealing with the enzymatic hydrolysis of phos- 
phoUpins in animal tissues have been in the nature of autolysis 
studies. Only occasionally have cell-firee tissue extracts been used 
and in these lecithin has generally been employed as substrate; 
however, there is reason to believe that in some of these cases, 
essentially similar results would have been obtained with phos¬ 
phatidyl ethanolamino. In a single reported instance, which will 
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be mentioned later, sphingomyelin was found to be split by a 
bacterial enzyme. The literature contains much confusing nomen¬ 
clature regarding these enzymes ; in the following discussion, how¬ 
ever, they will be referred to as phospholipases. 

First, it is desirable to refer briefly to the fate of dietary phos- 
pholipins in the alimentary tract. The assumption has generally 
been made that a certain degree of hydrolysis takes place before 
absorption. Quito recently, I^e Breton and Pantaldon {Arch. Sci. 
physiol., 1947, 1, 63) have provided support for this assumption by 
showing that dog pancreatic juice was able to split off the two fatty 
acid rascals from purified lecithin. However, it is almost certain 
that much of the dietary j)hospholipin is absorbed intact, for Artom 
and Swanson {J. biol. Chem., 1048, 175, 871) have observed that, 
after oral administration to rats of mixed phoapholipins containing 
the radioactive isotope of phosphorus, P®*, the specific activity of 
the liver phospholii)in-P®* was much greater than following a 
mixture of radioactive inorganic phosphate and non-radioactive 
phospholipin. 

By contrast with the phospholipases of pancreatic juice, the 
intracellular enzymes are often extremely active in the decomposi¬ 
tion of tissue phoapholipins. A number of cases may bo cited in 
which this general breakdown has been studied. Fairbaim {J. 
biol. Chem., 1046, 157, 645) examined whole mouse tissue and 
cat-liver for free fatty acids immediately after the death of the 
animal and found the amount to be extremely small. A few 
minutes after the removal of the liver from an animal, however, 
the constituent phosjiholipins were observed to undergo hydrolysis 
by intracellular phospholipases. The rate of decomposition was 
relatively slow in the intact tissue, but took place much more rapidly 
when the liver was ground and incubated. The liberation of fatty 
acids was closely paralleled by the formation of free choline and 
inorg.anic phosphate. From this it may be inferred that an armoury 
of enzymes is present in liver tissue, capable of bringing about the 
complete hydrolysis of a lecithin molecule. 

A rather similar series of investigations has been undertaken 
by Kahane and Levy {BvtU. Soc. Chim. biol., 1946, 27, 644, 688; 
Helv. Chim. Acta, 1946, 29, 1322) who have examined the effects 
of autolysis in homogenates of rat tissues. In general they found 
that the phospholipins suffered only partial breakdown to give 
intermediate products which could be isolated, but they also observed 
more complete destruction iiji some of the oases studied. Thus, 
tissue extracts prepared immediately after the death of the animal 
contained only small amounts of firee choline, whereas if the extracts 
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were prepared several hours after death the quantity was greatly 
increased. 

The widespread occurrence of phospholipases has recently been 
amply confirmed by KeSek {Enzymologia, 1946-48, 12, 69) who 
has found them to be active in the hepatopancreatic juice of Helix 
pomatia. Added lecithin was split into fatty acids, glycerol, 
inorganic phosphate and choline. In the early stages of the reaction, 
fatty acids and glycerophosphorylcholine were the main products, 
but later this diester was almost completely broken down to glycerol, 
inorganic phosphate and choline. 

These examples show that there is no lack of phospholipases 
in animal tissue and indeed this fact is the main cause of the 
diffioulty of separating the various enzymes from one another and 
of studying them independently. The problem has to some extent 
been overcome, but only by making use of the phospholipases from 
plant, bacterial and other sources, where the enzymes often occur 
singly. These individual phospholipases will now be considered 
in turn. 

The partial hydrolysis of certain phospholipins to yield lyso- 
phospholipins and one molecule of fatty acid is caused by an enzyme 
found in the venom of certain snakes. The lysophospholipins are 
well-known haemolytic agents and the lethal effects following snake¬ 
bite are mainly due to this enzyme. It may be supposed to act 
in vivo upon the tissue phospholipins to fonn lysophospholipins 
which pass into the blood and lake the cells. Ohargaft’ and Cohen 
(tf. Inol. Chem., 1939, 129, 619) have shown that the enzyme from 
cobra venom acts upon purified lecithin but not upon a purified 
brain kephalin, but both lecithin and kephalin in crude egg-yolk 
phospholipin were found to be attacked. Since the complex nature 
of brain kephalin was unknown in 1939, the experiments of Chorgaff 
and Cohen with purified kephalin should be treated with some 
reserve. Fairbaim {J. biol. Chem., 1946, 157, 633), using the 
moooasin enzyme, found that both lecithin and kephalin in crude 
ox-brain phospholipins could serve as substrate and also confirmed 
a previous finding, namely that the enzyme liberates only un¬ 
saturated fatty acids of high iodine value. Ghargaff and Cohen 
found the resulting lysophospholipins to contain no unsaturated 
groups. The enzyme obtained from the venom of Crotalus terrifictis 
has been crystallised by Slotta and Fraonkel-Conrat (Ber., 1938, 
71B, 1076) and is called by them crotoxin. 

A similar phospholipase has been extracted from horse pancreas 
by Ogawa (J. Biochem. (Japan), 1936, 24, 389) and by Belfanti 
and Amaudi (BoU. Soe. intern. Microbiol., Bex. ital., 1632, 4, 396). 
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However, it is probable that, under physiological conditions in the 
pancreas, the lysophospholipins are further broken down as fast as 
they are formed. 

The hberation of the second, i.e. saturated, fatty acid from 
lysophospholipins is caused by lysophospholipase, an enzyme which 
has been isolated by Fairbaim (J. biol. Chem., 1948, 173, 705) 
from culture media in which PeniciUium notatum had been grown. 
The other product of the reaction, which incidentally has no 
haemolytic properties, is glycerophosphorylcholine or glycerophos* 
phorylethanolamine, depending on whether the l 3 rsophospholipin 
was originally derived from lecithin or phosphatidyl ethanolamino. 
The enzyme was found to be quite specific for lysophospholipins, 
the breakdown of which did not proceed beyond the diester stage, 
for no free choline or inorganic phosphate were formed. 

Many other studies have been reported in which glycero¬ 
phosphorylcholine has been formed enzymatically from lecithin, 
presumably by the combined action of enzymes similar to those just 
described, llius Contardi and Erooli (Gazz. chim. ital., 1933, 63, 
37) observed this breakdown using enzyme extracts prepared from 
rice grain or AapergiUua aryzae. Again, Schmidt, Hersohman and 
Thannhkuser {J. biol. Chem., 1945, 161, 623) found that, when 
various rat tissues or ox-pancreas were minced and incubated at 
body temperature, the loss of lipide-phosphorus was paralleled by 
the formation of the acid-soluble glycerophosphorylcholine. It was 
assumed to have been formed from the tissue lecithin. Of consider¬ 
able importance is the finding that the product isolated in this 
investigation was the optically-active L-a-glycerophosphorylchohne. 

The breakdown of glycerophosphorylcholine by the enzyme 
cholineglycerophosphatase, although of widespread occurrence in 
animal tissues, has not been fully investigated. Contardi and 
Ercoli (Arch Sci. biol., 1935, 21, 1) state that the enzyme is absent 
from extracts of unripe rice although present in the mature grains. 
Kahane and Levy (BvM. Soc. Chim. biol., 1946, 27, 364) showed 
the presence of the enzyme in rat-prostate extract and that its 
action was to split the molecule at the choline-phosphate ester 
linkage, thus forming glycerophosphate and releasing free choline. 

The enzymatic loss of choline from lecithin has only been observed 
in plant cells. It will be recalled that Ohibnall and Ohannon 
(Biochem. J., 1927, 21, 233, 1112) had earlier isolated a simple 
phosphatidic acid from minced raw cabbage. In a recent series of 
papers, Hanahan and Chmkoff (J. biol. Chem., 1947, 168, 233; 
169, 699 ; 1948, 172, 191) showed that, when cabbsige or carrots 
were steamed, subsequent extraction with lipide solvents yielded a 
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mixture of phospholipins containing choline; when, however, 
similar extraction methods were applied to raw carrots, a phos- 
phatidlc acid, free from choline, and believed to be similar to the 
substance isolated by Chibnall and Channon, was obtained. The 
enzyme responsible for this hydrolysis has been isolated by Hanahan 
and Chaikoff from both raw carrots and cabbage and has been found 
to liberate choline from puriOed lecithin and to form the corre¬ 
sponding phosphatidic acid. 

Hydrolysis of lecithin into phosphorylcholine and a diglyceride 
has been shown by Macfarlane and Knight (Biochem. J., 1041, 35, 
884) to be caused by an enzyme present in culture filtrates from 
Clostridium welchii (Type A). This enzyme is almost certainly 
identical with the a-toxin, a heomolytic, lethal substance secreted 
into the medium by this organism during growth. Its activity is 
specifically inhibited by Typo A Clostridium welchii antitoxic sera. 
The mechanism of this hsemolytic effect probably involves the 
destruction of the lecithin present in the cell-wall of the red blood 
corpuscle. Such an action is quite different from the effect produced 
by lysophospholipins which are hseraolytic per se. Later work by 
Macfarlane (Biochem. J., 1948, 42, 687, 690) has shown that the 
same enzyme will also split phosphorylcholine from sphingomyelin, 
although more slowly than from lecithin. Apart from this, its 
action is very specific, for it wiU not attack phosphatidyl ethano- 
lamine, phosphatidyl serine, lysolecithin or glycerophosphorylcholine. 

Finally, it remains to mention briefly the enzymatic hydrolysis 
of the two phosphate esters encountered, glyccrophosphoric acid 
and phosphorylcholine. These compounds are very similar in two 
respects. They are both very resistant to acid hydrolysis, being 
broken down only by prolonged boiling with fairly concentrated 
mineral acids, and they are rapidly hydrolysed by the acid and 
alkaline phosphatases present in nearly all animal tissues. Of some 
interest is the recent report by Lundquist (Nature, 1946, 158, 710 ; 
Acda physiol, Scand., 1947, 14, 263) that phosphorylcholine occurs 
in relatively high concentration in fresh seminal fluid and that on 
allowing to remain at room temperature acid phosphatase, which is 
also present in high concentration, decomposes it into inorganic 
phosphate and choline. 

GEOLOGY. By O. W. Tyrekli., A.R.C.So., D.Sc., P.R.S.E., The Univer¬ 
sity, Glasgow. 

Mbtamobphism abd Metamobfhio Rocks. —^In his Presidential 
Anniversary Address to the (Geological Society, H. H. Read (Quart. 
Joum. Qeoi. 8oc., CIV, 1948, 166-206) examines such notions as 
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zones, facies, assemblages, and fronts, mainly from the spatial 
aspect. While a correlation of metamorphio zones and facies is 
possible. Professor Read does not think the facies concept has any 
value in the interpretation of metamorphio history. In regard to 
locus in depth he distinguishes between true or geosynclinal depth, 
tectonic depth, and '' magmatic-migmatic depth, and concludes 
that the last-named is of the greatest significance in metamorphism. 
Barker’s division of metamorphio minerals into stress and anti¬ 
stress groups is thought to be of little significance. 

It is suggested that tangential drag due to convection currents 
is of more significance in metamorphism than orogenio compression. 
In most metamorphio rocks banding is bedding, but in the deep 
Archsean there may be processes of metamorphio diffusion and 
differentiation which may lead to banding. Regional metamorphism 
most likely results from the passage of waves (fronts) of metaso- 
matising solutions out from the central coies of granitisation about 
which arise the metamorphio zones. Incidentally Professor Read 
dismisses cataclasis from the general definition of metamorphism 
and merges contact metamorphism in regional metamorphism. We 
may wonder where these poor orphans of the metamorphio storm, 
valid enough in their numerous products, can find a place in 
classification. 

In his paper On Lineation and Petrofabrio Structure, and the 
Shearing Movement by which they have been produced,” E. M. 
Anderson {Quart. Joum. Oeol. Soc., CIV, 1948, 99-132) regards the 
arguments for the current view that lineation is perpendicular to 
the direction of shearing or ” transport ” as unconvincing. He 
prefers the contrary view that lineation is parallel to the shearing 
movement as inherently more probable, especially on the basis of 
the Norwegian evidence, and on the evidence afforded by elongation 
of pebbles in distorted conglomerates. If this conclusion is accepted 
it will necessitate a revision of present ideas of petrofabrio structure, 
and especially about the formation of single quartz and mica girdles. 
The direction of shearing or “ transport,” in fact, must be normal, 
not parallel, to the plane of the girdles. 

R. A. Sender discusses the resiUts of experiments made by the 
Swiss Institute for Testing Materials on the elastic anisotropy of 
oiystallino schists, and deals with the problems of fabric orienta¬ 
tion, schistosity and deformation of rocks, in his paper on ” Grefiige- 
regolung, Druokschieferung, und Druckverformung von Gosteinen ” 
{Schweiz. Min, Petr, MiU,^ XXVIII, 1948, 362-79). So far the 
experiments have confirmed Sender’s theoretical view that the elastic 
axes of crystals with the lowest Young’s modulus will tend to 
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orientate themselves parallel to the stress axis during movements 
and recrystallisation. Further, the older view that pressure makes 
rooks plastic ” is not confirmed, as extreme pressures seem to be 
unable to make crystals plastic. Rock deformation is possible 
only by crushing with intergranular movements in the presence of a 
liquid phase, at least in the upper parts of the crust. The order of 
magnitude of stresses in mountain-making may be as much as 10,000 
atmospheres. These points make the well-known shear theory of 
orientated fabrics and sohistosity somewhat doubtful. 

Discussing Lineation in Moinian and Lewisian Rocks of the 
Northern Highlands of Scotland,” F. C. Phillips {OeoL Mag,, 
LXXXVI, 1949, 279-87) criticises recent statements that, in the 
Moine Schists, the south-easterly plunging lineation appears to 
increase in intensity as the Moine Thrust area is approached, as 
these statements are not, in his view, in accordance with field 
observations. At any rate they afford only a precarious basis for 
the conclusion that thrusting and hnoation are related. Further¬ 
more, a vital fact in relation to this question is the widespread 
development of a similar lineation, plunging to the south-east, and 
likewise expressive of a girdle fabric, in the mimoved Lewisian rocks 
of the foreland. 

J. E. Richey describes the “ Pre-Metamorphism Cleavage in the 
Moine Schists of Morar, Western Invemess-sliire ” (Trans, Edin, 
Oeol, Soc,, XIV, Pt. II, 1948, 200-19). The rocks affected are 
highly-inclined, thin, alternating beds of psammitic and politic 
schists. Miniature drag-folds have produced l>w, closely-spaced, 
parallel ridges on the bedding planes of some psammitic layers, 
\^hich have a striking resemblance to ripple-marks. Thin sections, 
however, show structures interpreted as slaty cleavage crossed by 
strain-slip or fracture cleavage. These cleavages were impressed 
on the rocks before their regional thermal metamorphism, which 
has produced a mimetic crystallisation. The general conclusion 
drawn from this work by Dr. Richey is that folding movements (the 
Morar Anticline) transformed the rocks into slightly metamorphosed 
sandstones and slates and that, later, they were completely recrystal¬ 
lised by heat with the aid of the necessary solvents, to form 
psammitic granulites and mica-schists, but without any marked 
directed pressure. 

An excellent summary article by G. Wilson on “ The Relationship 
of Slaty Cleavage and Kindred Structures to Tectonics ” (Proc. 
Oeol. Assoc., LVII, Pt. 4,1946, 263-302) wiU be a godsend to students 
of the tricky subjects of slaty cleavage, rock fracture, fracture 
cleavage, drag-folding, lineation and sohistosity, in which mechanics 
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makes a close contact with geology. The paper also seeks to 
expound the uses of the above structures in the solution of structural 
problems, not only in purely scientific, but also in economic geology. 
Ur. Wilson’s study serves as an introduction to the rather abstruse 
subject of petrofabrics and structural petrology which is rapidly 
becoming a powerful instrument in structural investigations. 

E. Cloos’s paper on “ Oolite Deformation in the South Mountain 
Fold, Maryland ” (Bull. Oeol. 8oe. Amer., 58,1947,843-918) provides 
a good illustration of the methods mentioned in the previous para¬ 
graph. The South Mountain Fold is a large, asymmetrical, over¬ 
turned anticline in the Cambrian and Ordovician rocks of the 
southern Appalachians. It is peculiarly suitable for exact measure¬ 
ments, as several oolitic limestones are involved, the regular 
spherical units of which, such as ooliths, spherulites, mud-pellets, etc. 
(collectively called “ oOids ”), registering the deformations very 
exactly by their distortions. All parts of the fold participate in 
and reveal an identical plan of deformation; the fold axes are 
nearly horizontal, the cleavage dips south-east, and lineation is in 
the cleavage plane normal to the fold axes also dipping east. From 
measurements of the distortion of the oOids the fold is interpreted 
as a “ shear fold ” as distinct from a flexure, and deformation is 
thought to be due to laminar flow on sub-parallel planes. 

The experimental deformation of a monomineralic aggregate has 
been studied by E. B. Knopf in a paper entitled “ Fabric Changes 
in Yule Marble after Deformation in Compression, Part 1 ” (Amer. 
Joum. 8ci., 247, 1949, 433-61; 637-69). The Yule calcite-marble 
which was used has a simple pattern of preferred orientation. It 
was deformed under confining pressures of about 10,000 atmospheres 
at 20° C. and 150° C., both in the dry state, and in the presence of 
carbonated water. The results of the study indicate the operation 
of intragranular gliding, and suggest intragranular movement on 
two sets of intersecting glide-planes ; but conclusive proof of this 
awaits more detailed experimental work and measurements on 
thinner sections than were used in this study. It has been estab¬ 
lished, however, that a radical change in preferred orientation, both 
dimensional and crystallographio, is caused by the deformation, 
and that this change is controlled by the fabric pattern of the 
undeformed marble. 

At the request of Mrs. E. B. Knopf, F. J. Turner has made a 
detailed study of the “ Preferred Orientation of Calcite in Yule 
Marble ” (Amer. Joum. 8ci., 247, 1949, 693-621) for later com- 
pmnson with the fabric of the same rook when artificially deformed. 
He has described the preferred orientation along several crystal 
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directions, and has discussed the nature and possible origin of 
space-lattice orientation of the calcito grains. Many lamellm of 
the form {0112} are probably due to translation rather than to twin 
gliding. Other lameUas are believed to have been produced by a 
mild, relatively late deformation later than that responsible for the 
observed space-lattice orientation. 

In writing on “ The Significance of Thermal Structure in the 
Scottish Highlands,” W. Q. Kennedy {OeoL Mag,, LXXXV, 1948, 
229-34) gives a “ thermal map ” of the region showing the location 
of the sillimanite, kyanite, garnet, biotite and chlorite zones. In 
this map the Highlands north of the tJreat Glen Fault are shifted 
66 miles to the north-east to allow for the lateral displacement 
which Professor Kennedy has demonstrated along that line. When 
that is done the metamorphio zones north and south of the Great 
Glen Fault join up naturally and form a simple anticline of “ thermal 
surfaces ” which pitches to the south-west. The high-temperature 
sillimanite zone thus forms a core which emerges to the north-east 
from beneath the other zones. This structure is related in a simple 
way to Vening Meinesz’s conception of a tectogen or mountain root. 
The successive zones of metamorphism upwards and outwards over 
the site of the tectogen are due to heat generated by the melting 
of the mountain root and the ascent of ro-melted granitic material. 
To the latter is ascribeii the widespread injection and migmatisation 
of the folded rocks, regional metamorphism at higher levels, and the 
ultimate emplacement of granitic batholiths. 

Professor Kennedy follows the foregoing with a paper on the 
“ Zones of Progressive Regional Metamorphism in the Moine Schists 
of the Western Highlands of Scotland.” (Geol Mag. LXXXVI, 
1949, 43-66). His abstract is so concise that the writer makes 
no apology for transcribing it here: ” The Moine Schists of 
Western Inverness-shire and North-West Argyll show a progressive 
increase in metamorphism when traced from the outcrop of the 
Moine Thrust-plane eastwards towards the central area of regional 
injection and migmatisation. It is possible to distinguish four 
zones of progressive metamorphism characterised by the develop¬ 
ment of distinctive mineral assemblages in the very subordinate, 
but widely distributed and highly distinctive calc-silicate granu- 
litea. The easterly increase in gr^e is attributed to the thermal 
effect of the great injection complexes, and it is suggested that 
the Torridonian, the Tarskavaig Moine Schists, and the Moine 
Schbts proper merely represent successive stages in the regional 
metamorphism of one formation.” 

In a study of ” Earlier Stages in the MotamorphLsm of Siliceous 
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Dolomites,” C. B. Tilley {Min. Mag., XXVIII, 1948, 272-6) shows 
that, in the outer aureole of metamorphism of the Cambrian 
dolomites of Broadford-Kilchrist area of Skye, the first-formed 
mineral is talc, which appears around the peripheries of chert 
nodules in the limestone. Farther in towards the granite contact 
tremolite makes its appearance and talc diminishes and ultimately 
disappears. Forsterite and diopside are recognised as the producto 
of stiU higher grades of metamorphism, but their appearance depends 
on diminution of the vapour pressure of CO,, perhaps through the 
activity of circulating solutions. Neither enstatite nor antho- 
phyllite are formed during the metamorphism of these siliceous 
dolomites, as they appear to be unstable in the presence of calcite. 
These phases would ^ expected to appear in more highly magnesian 
assemblages than the above quartz-dolomite associations. 

Taking over earlier work in collaboration with W. Q. Kennedy, 
C. B. TiUcy pubUshes a preliminary note on “ Dolomitic Contact 
Skams of the Broadford Area, Skye ” {Oeol. Mag., LXXXV, 1948, 
213-16). These extremely interesting rocks are divisible into two 
groups : (1) skams at the immediate contact with the granite, 
characterised by minerals stable in the presence of free silica— 
grossular, woUastonite, diopside, hedenbergite and plagioclase. 
These arc derived from the silication of the dolomite. (2) Skams 
on the limestone side of the contact zone, especially characterised 
by magnetite ore with undersilicated minerals—forsterite, monti- 
ccUite, humite group and cuspidine. Clinopyroxene is often 
important in this group. This assemblage is associated with a 
boron—fluorine pneumatolysis. 

F. H. Stewart has provided “ Chemical Data on a Silica-poor 
Argillaceous Homfels and its Constituent Minerals ” {Min. Mag., 
XXVI, 1942, 260-6). The rock is near the margin of the basic 
intrusion of Belhelvio (Aberdeenshire) and is described as gamet- 
spinei-cordiente-plagioclose-biotite-homfels. Mr. Stewart has made 
analyses of the rock itself and of the constituent garnet, spinel, 
cordierite and biotite. The cordierite is peculiar in being an 
optically positive variety. 

W. S. MacKenzie describes “ Kyanite-gneiss within a Thermal 
Aureole ” {Oeol. Mag., LXXXVI, 1949, 261-4). He records the 
fact that kyanite is much more widespread in the Moine rocks of 
the Ross of Mull than has hitherto been recognised. Where the 
kyanite-gneiss enters the •aureole of the Boss of Mull Granite large 
paramorphs of andalusite are formed from the kyanite by thermal 
metamorphism. 

In a paper on " Coronas and Coronites,” S. J. Shand {BvU. Oeol. 
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Soc. Amer.^ 56, 1945, 247-66) summarises the observations and 
opinions of many authors, and supplies further evidence from 
analyses of coronites from the Adirondacks and eastern Quebec. 
Coronas are not products of the magmatic period of crystallisation 
or they should be much more common than they are ; neither are 
they deuteric crystallisations from hot aqueous solutions. Dr. 
Shand favours the view that the chief factor in corona formation 
may be the instability of olivine under thermal metamorphism. 
The characteristic minerals of coronas are mostly foreign to eruptive 
rocks, but all of them are tjqacal products of thermal metamorphism. 

An unusual kind of paper is published by W. O. Williamson on 
“ Ceramic Products, their C4cological Interest and Analogies 
(Amer, Journ, Sci,, 247, 1949, 715-49). It bears mainly on meta- 
morphic processes. The following is the author’s abstract : “ Some 
phenomena of the ceramic industries are analogous to processes 
believed to operate in igneous, metamorphic and sedimentary 
pctrogencsis. The shaping of clays and the deformation of rocks 
produce comparable petrofabrics. The interaction of igneous and 
country rock is paralleled by that of silicate-melt and refractory. 
Fronts and culminations exist in slagged refractories, but there is 
no evidence that they are produced by solid diffusion. Ceramic 
phenomena that suggest the operation of solid diffusion are, how¬ 
ever, recorded.” Thus, recrystallised monomineralic artificial 
products show analogies to thermally metamorphosed quartzites 
and marbles. Silica bricks resemble siliceous xonolitlis. There are 
analogies between the action of glasses and slags on refractories and 
that of igneous masses on country rocks. Skams and zonary 
structures are produced at contacts between silicate melts and 
ceramic materials. Migration of a melt rather than solid diffusion 
appears to be involved in their production. 

Atistralasian metamorphic rocks have received much attention 
in recent years. Bather late in the day C. O. Hutton’s important 
memoir on “ Metamorphism in the Lake Wakatipu Region, Western 
Otago, New Zealand ” {N,Z. Dept. Sci. db Indus. Res., Oeol. Mem. 
No. 5, 1940, 84 pp.) has come to our notice. The rocks involved are 
a thick series of quartzo-feldspathic sediments interstratified with 
argillaceous and ferruginous bands, which were subjected in the 
Palaeozoic to regional dynamothermal metamorphism associated with 
the intrusion of granitic batholiths which are believed to be the 
source of tourmaline in the schists. The metamorphic types 
produced are low-grade quartzo-feldspathic schists belonging to 
the chlorite zone. The latter is divided into four sub-zones based 
on the degree of reconstitution suffered by rocks of greywacke 
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composition. The whole series closely resembles that of the southern 
margin of the Grampian Highlands of Scotland. The memoir is 
full of valuable detail for the metamorphic petrographer, and is 
illustrated with good figures of thin sections and new analyses of 
the metamorphic rocks and minerals. 

Dr. Germaine A. Joplin has published a series of papers dealing 
with “ Petrological Studies in the Ordovician of New South Wales ” ; 
“ I. The Cooma Complex ” (Proc. Linn. Soc. N.8.W., Ixvii, Pts. 3-4, 
1942, 156-96), “ II. The Northern Extension of the Cooma Com¬ 
plex ” {ibid., Ixviii, Pts. 6-6, 1943, 169-83); “ HI. The Composition 
and Origin of the Upper Ordovician Graptolite-bearing Slates ” 
{ibid., Ixx, Pts. 3-4, 1946, 158-72); “ IV. The Northern Extension 
of the North-east Victorian Metamorphic Complex ” {ibid., Ixxii, 
Pts. 3-4, 1947, 87-124). She shows that the Cooma Complex 
consists of two units; an upper (Coolringdon Beds) consisting of 
sandstones and siliceoiis slates, and a lower series (Binjura Bods) 
which origmaUy consisted of sandstones, aluminous shales, tuflaceous 
sandstones and small flows of basalt. The Binjura Bods have been 
invaded by ultrabasic and basic masses, and later by a body of 
granite-gneiss which is hold to bo responsible for their partial 
granitisation. Various zones of metaniorphism are traced in the 
non-granitisod rocks, together with two zones of granitisation, an 
outer zone of permeation and an inner of injection. Chlorite, 
biotite and andalusite zones are recognised ; and, although all the 
metamorphism belongs to the same tectonic disturbance, there is 
evidence that the andalusite zone is a contact metamorphism 
superposed upon an earlier dynamometamorphic phase. Paper 
No. II describes a northern extension of metamorphic zones mapped 
on the western side of the Cooma Complex. 

The graptolite-bearing slates are next dealt with (No. III). 
They are shown to be highly siliceous, and the siliceous comjwsition 
is probably original. In the course of a valuable discussion of the 
origin of black shales Dr. Joplin suggests that the slates in question 
have been formed as the result of large accumulations of fine siliceous 
volcanic ash which encased and preserved the organic matter which 
was deposited at the same time. 

Paper No. IV deals with another region (Albury) in the great 
metamorphic complex of north-eastern Victoria and the adjacent 
ports of New South Wales. It, too, consists largely of Ordovicimi 
schists in which chlorite snd biotite zones have been recognised, 
along with a zone of knotted schists and a zone of granitised schists. 
The metamorphic pattern has been much obscured by the contact 
effects of later granites. 
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A. B. Edwards and G. Baker discuss “ Contact Piieiiomena in 
the Morang Hills, Victoria {Proc. Ray. Soc. Viet., LVI, Pt. 1 
(N.S.), 1944, 19-34). The Morang Hills consist of Silurian mud¬ 
stones and shales in contact with a mass of Devonian granodiorite. 
The sediments show progressive metamorphism through spotted 
muscovite-homfels and biotite-homfels to coarse cordierite-biotite- 
homfels, as the granite contact is approached. At another place 
sillimanite-andalusite-homfols rich in orthoclase has boon developed. 
All these contact metamorphio rocks are obviously rich in potash ; 
and the granodiorite, otherwise normal, passes into a potash-rich 
phase with giant cr 3 rstals of orthoclase at the contact. The authors 
derive this potash-rich phase from assimilation of the potash-rich 
contact rocks mentioned above. It is but fair to say that a very 
different interpretation would be put on these phenomena by the 
granitisation experts. 

Sir Douglas Mawson and E. R. Segnit have described some 
extraordinary “ Barium-rich Aplitic Gneisses of Broken Hill 
(N.S.W.) {T'rans. Roy. Soc. S. Auatr., 70 (2), 1946, 277 93), and 
E. R. Segnit has further analysed and determined the optical con¬ 
stants of the “ Barium felspars from Broken Hill, N.S.W.’" (Min. 
Mag., XXVII, 1946, 66-74). The high-barium rocks are pale 
aplitic gneisses with up to 15 per cent BaO, distributed as lenses and 
streaks in an acid gneiss which contains only the normal amount of 
BaO (0*09 per cent.). The minerals determined by Mr. Segnit are 
celsian, calciocelsian (variety of celsian with about 4 per cent, of 
CaO), hyalophano and barium plagiochise. The authors consider 
that the barium-rich aplites occupy minor shear zones, and were 
probably introduced as late-crystallising fractions of the granodiorite 
magma of the area. Transitional types between the granodiorites 
and aplites have been found. 

Regional Metamorphisra in the Kenogamisis River Area 
(Ont,) ” has been studied by R, D. MacDonald (Joum. Oeol., LII, 
1944, 414-23). Pre-Cambrian sediments of slate-greywacke type, 
and volcanic rocks ranging from acid to basic, have been subjected 
to a regional metamorphism. The rocks produced are quartz- 
albite-chlorite-sericite-schists, sometimes with actinolite and epidote, 
in the chlorite zone; quartz-ohgoolase-biotito-schists, with horn¬ 
blende in some instances, in the biotite zone; quartz-oligoclase- 
biotite-garnet-schists often with staurolite, in the garnet zone. 
The retention of bedding structures shows that dynamic action 
could not have been great, and the main metamorphism is ascribed 
to a granite mass towards which the metamorphio grade increases. 

According to R. W. Chapman in a paper with the intriguing 
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title “ Pseudomigmatite in the Piedmont of Maryland ” {Bull. Oeol. 
8oc. Amer., 53, 1942, 1299-1330), the Laurel Qneiss, which “ looks 
like, and which had hitherto been thought to be, a true inigmatite 
due to thorough penetration and assimilation of schists and quartz¬ 
ites by granitic magma, is to be regarded as a ‘ pseudomigmatite.’ ” 
That is to say, it is believed to have arisen by the granulation, 
flowage and recrystallisation of the Wissahiokon formation under 
conditions of stress, high temperature and abundant water, but 
without the co-operation of granite magma. This view is suggested 
by the absence of intrusive contacts, the mineralogy and chemistry 
of the rocks, similarity of the two bodies of rock, the abundance of 
relatively uncrushed remnants in the midst of granulated and 
recrystoUisod gneiss, and the completely gradual transition from 
the Laurel Gneiss into the Wissahickon Schists. This is clearly 
another case of an “ igneous-looking ” rock which has not been 
formed by magmatic processes. 

Describing the “ Petrography, Structures, and Petrofabrics of 
the Pincknoyville Quartz-diorite, Alabama,” H. R. Gault {Bull. 
Oeol. Soc. Amer., 56, 194.5, 181-246) shows that coarse quartz- 
diorite-gneifes constitutes the major part of the complex, with smaller 
amounts of granodiorito- and gramte-gneiss. Some hornblende- 
biotite-gneisses probably represent earlier basic sills and dykes. 
The complex includes septa of schist parallel to the regional strike. 
The sequence of intrusion is quartz-diorite, granodiorite, granite. 
All the rocks contain small but persbtent amounts of allanite and 
epidote. The dominating trend of inclusions, foliation, hneation 
and contacts, is north-east to south-west, and the petrofabne analysis 
confirms this and other structural indications. It is concluded that 
the igneous moss was synteotonic, and that intrusion took place 
under conditions of regional metamorphism. 

0. H. Johnson has described “ Igneous Metamorphism in the 
Orofino Region, Idaho ” {Joum. Oeol., LV, 1947, 490-607). A 
complex series of metamoiphic rocks lies west of the great Idaho 
Batholith of quartz-diorite. Petrographically many of them 
resemble typos of quartz-diorite and granodiorite, but they occur 
in parallel layers which suggest bedding, and grade into pure quartz¬ 
ites on the one hand, and into true igneous rocks on the other. 
On the whole their structures are gneissio, but there are minor 
massive and schistose facies. These rocks are considered to have 
been “ granitised ” ; they were originally siliceous sediments and 
have been changed by hydrothermal solutions soaking in from the 
adjacent batholith. 

In a paper ” On Amphibolitic and related Rooks from Western 
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Celebes and the southern Sierra Nevada, California,” C. G. Egelor 
{Proc. Kon. Nederland. Akad. v. Wetensch., Amsterdam, LI, 1948, 
100-5) disousses the superposition of two different types of atnphi- 
bolitio metamorpliisni, a common feature in western Celebes, in 
relation to a somewhat similar occurrence in the Sierra Nevada 
(Cal.) which has been described in an important paper by (>. Durrell 
(“ Metamorphism in the Southern Sierra Nevada, North-east of 
Vesalia, Cal.” Univ. Cal. Puhl. Ball. Dept. GeoL, 25, 1040, 1-118), 
which the writer unfortunately has not seen. Apparently, in both 
regions, there has been an older regional meta morphism of dyna- 
mothermal typo producing rocks of the cpidotc-amphibolite or 
epidiorite facies including the typo named, as well as amphibolites 
and hornblenile-schists of somewhat higher grade. A later intensive 
plutonic motamorphism arising from the intrusion of great masses 
of granodiorito has been superposed on the earlier type, loading to 
the imposition of a higher amphibolitic facies in (Jel(d:)es and a 
pyroxene-homfels facies in California. 

C. G, Egoler’s memoir “ Contribution to the Petrology of the 
Metarnorphio Rocks of Western Celebes,^' GeoL Explorations in the 
Island of Celebes (H. A. Brouwer), 1047, 175-346) consists largely 
of the routine description of rocks ranging over practically the 
whole gamut of metarnorphio typos. There are some remarks of a 
more general character at the end. Apparently most of the rocks 
belong to the groonsebist, epidote-amphibolito, amphibolite and 
granulito facies. The amphibolite facies dominates the regit)n. It 
is divided into the staurolite-amphibolito sub-facies, and two other 
sub-facios for which the names andalusite-arnphibolite and silli- 
manite-cordierite-amphibolite are proposed. 

ZOOLOGY. By H. G. Vkvkrs, M.A., D.Plul , Marino Biolo^^iral 

Laboratory, Plymouth. 

Colours and Patterns in Fbathebis. —Any work on the morpho¬ 
genesis of feather patterns should bo based on a clear understanding 
of the sequence of events in feather development. The earlier works 
on this subject wore the result of pamstaking morphological observa¬ 
tions and were, in the main, quite correct. Unfortunately, however, 
a new theory of feather development was put forward by Lillie and 
Juhn {Physiol. ZooL, 1932, 5, 124), which was apparently linked 
with the authors’ interpretation of the origin of certain feather 
patterns. This theory was severely, but justifiably, criticised by 
Rosker {Phil. Trans. Roy. Soc., B, 1936, 226,143) and by ’Espinasse 
[Proc. Zool. Soc. Lond., A., 1939, 109, 247), who showed that the 
Dlassioal account was essentially correct. The main point at issue 
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is the interpretation of the process of shaft formation in the develop* 
ing feather. According to the classical accounts, the feather shaft 
develops from a ridge of strictly shaft-forming cells to which the 
barbs become attached at their proximal ends. Lillie and John 
(loc. dt.) introduced the term “ collar ” to denote the ring of atratum 
Malpighi cells proximal in the feather germ to the barb ridges. 
They considered that the collar grew distalwards at the dorsal point 
of the feather germ and that the shaft was formed by the concrescence 
of those two collar halves. In addition they stated that, as the 
collar tissues of the two sides grew together, the primary barb 
ridges were carried dorsally and distally by what they termed 
“ tangential movement ”. 

In his criticism of this theory ’Espinasse (he. cit.) has emphasised 
that the formation of the ridges, as forerunners of the barbs, is a 
relatively passive process, and that there is no evidence for a move¬ 
ment of ceils, such as might occtir if the two collar halves were to 
fuse in the mid-dorsal line. More recently Lillie and Juhn (Phyaiol, 
Zool., 1938, 11, 434) and Lillie (Biol. Rev., 1942, 17, 247) have 
modified their views on the origin of the shaft, and it appears that 
they now admit that the central part of the shaft is formed in 
accordance with the classical theory, but they still consider that 
concrescence plays a part in the formation of the lateral surfaces 
of the shaft. In spite, however, of this controversy, much valuable 
work on feather pattern has been done in recent years. 

Melanin pigments in Feathers .—^Most feathers owe their colours 
to the presence of a melanin pigment, which may range in colour 
from yellow-buff through red-brown to black. There are also some 
yellow or red feathers which are pigmented by carotenoids. Earlier 
workers classified the mclanins into a ph«eomelanin group, occurring 
as yellowish to dark red-brown granules which could be dissolved 
in 2 per cent, alkali, and a euraolanin group, occurring as dark- 
brown or black granules which were only soluble in 36 per cent, 
alkali. The eumelanins were supposed to occur as rod-shaped 
granules, and the phseomelanins as roughly spherical granules. 
F. Frank (J. Omith., 1939, 87, 426) has, however, pointed out that 
the shape of the pigment granule is determined by the form of the 
colourless pigment core round which the melanin is deposited. He 
found that blackish melanin could exist in the form of spherical or 
rod-shaped granules. The earlier solubility investigations on 
melanins, in which the feathers were merely treated with different 
concentrations of alkaU, took no account of the inaccessibility of the 
melanin embedded in the keratin, nor of the partial solution of 
the keratin itself. From his own work Frank conduded that the 
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different melanin types occurring in feathers should be described 
on the basis of the length of time it takes to obtain almost complete 
solution in a given volume of alkali. 

Frank {loc. cit.) has also been able to add to our knowledge of 
blue colours. It has long been known that blueness in feathers is 
due, not to a blue pigment, but to the presence in the feather barbs 
of a turbid porous layer overlying a more ventral deposition of 
melanin. The exact form of the turbid layer has, however, never 
been settled, for the small size of the blue-producing elements has 
necessarily made it impossible to investigate them by ordinary 
microscopical technique. It was generally considered that the 
turbid layer consisted of keratin containing ultra microscopic tubular 
air-filled spaces. Much of the evidence suggesting this interpreta¬ 
tion h^is been obtained by observations on the penetration of the 
turbid layer by irnpi’egnating fluids. Frank also employed this 
method and concluded that the blue-producing cells do not have a 
complicated tubule structure, but rather a relatively simple, porous, 
spongy system of air-fiUed n)icrovacuoles. In confirmation of this 
he published electron micrographs of barb sections which show that 
the walls of the turbid layer cells do contain a fine structure of 
roundish spaces. Feathers showing this type of blue structure are 
common among the pigeons, macaws and many other birds. Melanin 
occurs in both barbs and barbules, but, except in blue feathers, it is 
mainly in the barbules that it plays its part in colouring feathers. 

In ordinary dull-surfacod feathers it is only the edge of each 
pigmented barbule which is presented to the observer, and the 
combined effect of many thousand such barbule edges is to give a 
matt appearance to the whole. However, in many birds the visible 
surface of the feathers is iridescent, and in such cases the hooked 
barbules are twisted proximally so that they present a broad side 
to the observer. It is the roof-like pattern of these flat barbule 
surfaces, each with its associated thin film structure overlying a 
layer of melanin granules, which provides the basis for iridescent or 
subjective structural colours. 

Pigment Deposition ,—^Tho actual work of pigment deposition in 
feathers is carried out by chromatophores, easily seen in transverse 
sections of developing feather germs. H. L. Eastlick (J. Exp. ZooL, 
1939, 82, 131) has shown that cells which lie close to the neural 
tube in the 24 to 32 somite stages (neural crest cells) are responsible 
for pigment production. By transplanting small pieces of embryo 
skin from robins to the developing wing bud of White Leghorn host 
embryos, Mary E. Rawles {J. OeneL, 1939, 38, 517) was able to show 
that in this combination the pigment was produced by the donor 
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(robin) melanophores, which migrated from the grafted tissue into 
the epidermal tissue of the developing host (White Leghorn) feather 
germs. The structure of the barbulos of the resulting robin-coloured 
feathers was, however, the same as that of the Leghorn host and 
quite unlike that of the donor robin. Furthermore, although the 
shape, size and colour of the pigment granules in the graft area were 
the same as those of a normal robin, the granules were evenly- 
scattered throughout the colls, as in coloured fowl races, instead of 
being massed at the barbule nodes as in the robin. 

Sexml Dimorphic Plumage .—^In many birds, e.g. the crows, the 
sexes are similarly feathered and both may show iridescence, but 
where there is sexual dimorphism, as in Gallinaceous binls, the 
male bird is usually brightly pigmented, and it also shows iridescent 
structural coloration. In the common fowl, for instance, it is well 
known that plumage type and coloration are both controlled by the 
sex hormone environment. In Brown Leghorns the sahnon-pink 
of a male soma feather is replaced by dark-brown in the presence 
of ovarian secretions or cestrogenic compounds, and in a barred 
race of fowls C. W. Bmmens and A. S. Parkes (.7. Oentt., 1940, 
39, 603) have found that oestrogen injections into capons induce 
the female type of baning. This apjjarent equipotontiality of 
the sexes as regards plumage may therefore hold good for the 
feathers of some races of the common fowl, but there are numerous 
birds, e.g. certain passerines, where sexual dimorphic plumage 
characters appear to be under genetic control. P. A. E. Crew and 
S. S. Munro (Proc. Roy. Soc. Edin., 1938, 58, 114) have described a 
g}mandromorphio Gouldian finch. This bird was a genetic female 
with male coloration on the slightly larger right side and female 
on the smaller left side, and with an ovary on the left and no trace 
of testicular tissue. They showed that in this species male an'^ 
female feather colours are purely genetic characters, and they use 
the term “ sparrow-type ” to describe this method of plumage 
control, as distinct from the “ fowl-type ” in which the plumage 
characters are apparently all subject to the hormonal environment, 
so that bilaterality of plumage in fowls is virtually impossible. To 
describe a third group of gynandromorphio birds Crew and Munro 
used the term “ pheasant-type ” : in these birds a nearly normh 
sox type of plumage occurs on one side and an intersexual type on 
the other. 

This pheasant-type is perhaps the most interesting type of 
plumage control which has come to light in recemt years, li^. 
brilliant plumage of cock pheasants does not develops in the capon 
treated -with oestrogens. Instead, the new feathers ore light and 
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dark-brown in colour as in the female, but the pattern is not the 
same. C. H. Danforth (•/. Exp. ZooL, 1937, 77, 1, and J. Genet., 
1937, 34, 497) analysed the plumage of certain pheasants by means 
of skin transplantation and found that male skin grafted on to a 
female produced brown feathers quite distinct in pattern from the 
surrounding true female feathers of the host. In these cases, there¬ 
fore, while the pigment types (perhaps in the pheasant they are 
different stages of oxidation of melanin compounds) are under 
hormonal control, the configuration of the pattern on the feather 
vane is j^robably under genetic control. Exactly opposite to this 
conclusion is the observation of Stella {Arch. Zool. Torino, 1934, 
20, 237) that, in Goldeiilaced Wyandottos, males treated with an 
(estrogen produced feathers which were female in shape, structure 
and pattern, but which retained the dark shade of yellow character¬ 
istic of the male. There arc, therefore, considerable differences in 
the extent to which each feather character may bo influenced by 
external factors. 

From the endocrinological viewpoint A. S. Parkes and C. W. 
Emmens (Fitomirw# and Hormones, Vol. II, New York, 1944, pp. 
361 -408) have summarised work on the effect of androgens and 
cestrogens on birds. Besides giving the chemical composition of 
these substances, they also deal in some detail with the method 
of prolonging the effect of certain of them by using esters in place of 
free hormones. In Biological Action of Sex Hormones (2ad edition, 
Cambridge, 1949) H. Burrows has produced a monograph which 
brings together aU the available information on the action of sex 
hormones on various organs in mammals. This book should be of 
great value to aU who are working on the effects on animals of 
natural and synthetic hormone preparations. 
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Swimming of Dolphins (G. A. Steven.) 

In view of the present interest in the swimming powers of 
dolphins and similar animals,* the following observations made 
some years ago may be of value. Unfortunately one page of the 
original notes has been lost and with it the actual date of the 
observations and some other relevant information. The observa¬ 
tions were made when the writer was serving in a vessel on passage 
with another vessel in tow. The prox)er towropo had twice parted 
and the one in use at the time was made up from several lighter 
wires lashed together at intervals. One of the lashings had a loose 
end that hung down and frequently touched the water astern of 
the towing ship from which the observations were mode : its distance 
off was later accurately ascertained when the towrope was hove in. 

At one period dolphins were present around both ships atid 
were frequently observed coming up from astern and overtaking 
the towing ship. It was possible, therefore, accurately to note the 
instant when a dolphin passed the hanging end of the loose lashing 
on the towrope and also when it had reached a position directly 
opposite a certain point on the ship. The distance between the 
lashing and this point proved to bo 208 ft. Seven readings of 
the time taken by a dolphin to pass between them were obtained, 
the speed at the time being knots. 


AmmHl No. 

1 

2 

3 



Time (in seconds) 

9 

10 


8* 

lOi 


This, in animals 1 and 6, represents a distance of 208 ft. + 04 ft. 
(due to speed of ship) covered in 9 seconds, which gives a speed 
of 33-6 ft. per second—i.c. 20 knots almost exactly. 

The dolphins observed were all approximately of the same' 
length, which I judged to be 7 ft. or just under. Moreover, what 
appeared to be the same dolphin was observed on two occasions 
approaching from astern. It thus appears that the “ school was 
playing backwards and forwards from ship to ship itlthough no 

♦ A. V. Hill, “ The Dimonsions of Animals and their Muscular D3mamic8,** 
SciiSNOR Progbsss, 1950, 38, 209. 
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animals were seen making the reverse journey. Tliis was probably 
done some distance oflf. 

It is not improbable that the speed of 20 knots exhibited by 
animals 1 and 6 represents fairly accurately the maximum speed 
of which dolphins about 7 ft. in length are capable, even in short 
bursts ; for in overtaking from astern it seems quite likely that the 
animals might have been going aU out ** to catch up. 

For a short period during which she was parted from her ‘‘ tow ** 
the towing ship was doing 9 knots. Dolphins were again present 
at this time and several coimts were obtained of the tail beats of 
a single animal that stayed for a considerable period close in front 
of the forefoot and was therefore doing 9 knots too. It did not 
appear to bo falling continuously down the bow wave. The counts 
were made over 10-sooond periods. 


Observation No. 

1 

2 

3 

4 

6 

1 ^ 

7 

8 

9 

Tail beats/ 10 sees. . 

27 

26 

20 

26 

26 

i 

24 

26 

27 

What the beats 

were 

when 

the 

animal 

accelerated 

and 

dis 


appeared ahead of the ship could 
I get any good idea of the ampli¬ 
tudes, but they appeared to be 
small. 

In his lecture {loc, at.) Pro¬ 
fessor Hill quotes me as having 
informed him orally that a dol¬ 
phin swimming in phosphorescent 
sea produces as a wake a clean 
line of phosphorescent light. 
Unfortunately this is not strictly 
correct. Dolphins in such 
circumstances usually produv .0 a 
pronounced double wake consist¬ 
ing of two clean diverging linos of 
luminescence stretching behind 
them, with very little lumines¬ 
cence (turbulence) in between. 
If two dolphins cross each other’s 


bo determined. Nor could 



Fio, 1.—Diagrtini of pattern formed 
by the doublo wakes of two 
dolphins who^e paths have crossed. 
The arrows indicato the direction 
in which the animals were movmg. 

paths at close range, a definite 


pattern can sometimes be observed (Fig. 1). These clean dolphin 
wakes are very different from the boiling mass of turbulence 


produced by a seal swimming at speed. 


All animals on which the observations were made appeared to 
be common dolphins, Ddphinus delphis. 
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The Wood Anatomy of the Proteacees * (F. W. J.) 

The Proteacese forms a large family of some 64 genera and over 
1000 species which are almost exclusively trees or shrubs. Over 
half the species are Australian and many are endemic to that conti¬ 
nent : South Africa claims about 300 species, while others occur 
in Eastern Asia and the Pacific and in South America. 

Economically, few of the Proteacese are of much value, although 
several are large trees which yield commercial timber. Such are 
the silky oaks {Cardwdlia aublimia, Oritea exceUa and OreviUea 
robusta) of Australia, the rewarewa of New Zealand {Knightia 
excelsa) and the South African terblanz {Faurea Macnatightoni), 
Most species produce handsome flowers which, with their copious 
nectar, are valuable as a source of honey. 

One of the most characteristic features of proteaceous wood is 
the large rays which, in Xylomelum, may form as much as 50 per 
cent, of the wood. Certain species of Persoonia are exceptional in 
possessing small rays only. In Banksia and Dryandra the rays 
possess vascular tissue, and in tangential sections such rays have 
the appearance of small stems viewed in cross-section. Stone cells 
are found in the rays of some genera. The vessels tend to be 
arranged tangentially and are often associated with parenchyma, 
so that in transverse section vessels and parenchyma appear as 
festoons between the large rays. This arrangement, however, is not 
always seen; in Cardwellia, for example, the vessels are more or 
less irregularly distributed. While the vessels have predominantly 
simple perforations, reticulate and foraminate plates are not un¬ 
common in Lomatia and Telopea. The vessels appear to be free 
from tyloses. The parenchyma is variable, but in general tends 
to form tangential bands between the rays. 

The large rays and, m transverse section, the tangential arrange¬ 
ment of the parenchyma and vessels are sufficient to distinguish 
woods of this family from any other woods with large rays. Where 
the “ festoons ” of vessels and parenchyma are less distinct there 
is possibility of confusion, but the resemblances to woods of certain 
other families are, even so, more apparent than real. It is only 
in proteaceous woods without large rays that difficulty arises in 
distinguishing the timber. 

Dr. Chattaway describes the anatomy of 26 genera of the family. 
She finds that species of these genera are generally not distinct 
enough to be separated with certainty. 

'Diere does not appear to be any very close relation between 

* By M. Margaret Chattaway, Awtr. J. Set. Res., Ser. B., 1, 279-302, 
1948. 
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the botanical classification proposed for the family by Engler and 
Prantl (1889) and the wood structure, and it would appear that 
at present the structure of the xylem is of little help for taxonomic 
purposes in this family. 

** Journal of the Science of Food and Agriculture ** (N. M. C.) 

It is very significant that the Society of Chemical Industry is 
producing this new journal. The chemistry of agriculture has never 
had the place in the sphere of chemical industry that agricultural 
chemists would deem to be its right. One main reason is the fact 
that the chemistry of agriculture, that is the chemistry of primary 
production, is divorced (rightly so for many reasons) from the 
chemistry of processing the products for human use, and its interest 
(although not its importance) is therefore in a restricted field. 

This journal, dealing with agriculture and with food— the chief, 
but not the only, product of agriculture—should therefore be very 
welcome, and its issue marks the development of an interest in 
the work by the Society of Chemical Industry that has been growing 
for some years. 

This first number (January J950) has some words of welcome 
from the Ministers of Agriculture and of Food and also from the 
President of the Society, and there is a valuable article by Viscount 
Bruce on the work of F.A.O. All this is specific to the first issue. 
The papers that forecast the intended character of the journal deal 
with the ascorbic acid in black currants, the analytical data of 
fruit juices, vitamin content of certain vegetables, the quality of 
bread, the composition of seal oil, the fat of dehydrated herrings, 
and the efifects of sulphur dioxide on orange juice. 

It should be a very acceptable journal. The annual subscription 
is 30 . 9 ., post free ; single copies 3 ^., post free. 

Miscellanea 

The following were elected to be Fellows of the Royal Society 
at the meeting held on March 10 : Dr. B. P. Babkin, physiologist, 
McGill University, Montreal; Prof, L. F. Bates, piofessor of physios, 
University of Nottingham ; Prof. T. A. Bennet-Clark, professor of 
botany, King's College, London ; Dr. B. Bleaney, demonstrator 
and lecturer in physics, University of Oxford; Dr. L. J. Comrie, 
director of the Scientific Computing Service, Ltd., London ; Prof. 
C. A, Coulson, professor of theoretical physios, King’s College, 
liondon ; Dr. L. R. Cox, assistant keeper, Department of Geology, 
British Museum (Natural History); Prof. H. S. M. Coxeter, pro¬ 
fessor of mathematics. University of Toronto ; G. H. Cunningham, 
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director of the Plant Diseases Division, Department of Scientific 
and Industrial Research, Auckland, New Zealand ; Dr. W. J. EUbrd, 
biophysicist. National Institute for Medical Research, London; 
S. B. Gates, a senior principal scientific officer. Ministry of Supifiy 
(Air); Dr. C. A. Hoare, protozoologist to the Wellcome Laboratories 
of Tropical Medicine, London; Prof. L. Howarth, professor of 
applied mathematics. University of Bristol; Prof. E. R. H. Jones, 
professor of organic chemistry. University of Manchester; Dr. 
A. J. P. Martin, biochemist. National Institute for Medical Research, 
London; Dr. D. P. Martyn, principal scientific officer. Common¬ 
wealth Scientific and Industrial Research Organisation, Solar Obser¬ 
vatory, Canberra; Prof. R. A. Morton, professor of biochemistry. 
University of Liverpool; Prof. R. J. Pumphiey, professor of 
zoology, University of Liverpool; Prof. A. G. Shenstone, professor 
of physios. University of Princeton, formerly scientific liaison officer 
in London of the Canadian National Research Council; Prof. H. E. 
Shortt, head of the Department of Parasitology, London School of 
Hygiene and Tropical Medicine; Prof. M. Stacey, professor of 
chemistry. University of Birmingham ; Dr. L. E. Sutton, demon¬ 
strator and lecturer in physical chemistry. University of Oxford; 
R. L. M. S 3 nige, biochemist, Rowett Research Institute, Aberdeen¬ 
shire ; Dr. B. P. Uvarov, director of the Anti-Locust Research 
Centre, British Museum (Natural History); Prof. F. C. Williams, 
professor of electro-technics. University of Manchester. 

H.M. the King has approved the award of the Royal Medals 
of the Royal Geographical Society as follows : Founder's Medal to 
Mr. George F. Walpole, director. Department of Lands and Survey, 
Kingdom of the Jordan, for his contributions to the mapping of 
the Western Desert of Egypt; Patron’s Medal to Prof. Harald 
Sverdrup, director of the Norwegian Polar Institute, for his con¬ 
tributions to polar exploration, and for his oceanographical investi¬ 
gations. The Council of the Society has awarded the Victoria 
Medal to Prof. Emmanuel de Martonne, honorary director of the 
Geographical Institute, University of Paris, and hottorary president 
of the International Geographical Union, for his studies in physical 
and regional geography. 

Other medals awarded during the quarter include the Linnean 
Medal of the Linnean Society of London to Mr. H. N. Ridley; 
Platinum Medal of the Institute of Metals to Prof. Albert Portevin ; 
Bessemer Medal of the Iron and Steel Institute to Mr. James Mitchell, 
hon. treasurer, Stewarts A Lloyds, Ltd., and Sir Robert Hadfield 
Medal of the Iron and Steel Institute to Mr. G. D. Elliot, Appleby- 
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Frodingham Steel Co., Scunthorpe; the thirty-eighth Progress 
Medal of the Royal Photographic Society to Prof. John Eggert, 
of the Swiss Federal Institute of Technology, Zurich. The Meldola 
Medal of the Society of Maocabaeans for 1949 has been awarded, 
on the recommendation of the Council of the Royal Institute of 
Chemistry, to Dr. A. J. B. Robertson. 

Prof. G. R. do Beer, professor of embryology at University 
College, London, has become director of the British Museum (Natural 
History) in succession to Mr. N. B. Kinnear. 

Sir Ian Heilbron, director of research of the Brewing Industry 
Research Foundation, Niitfield, and emeritus professor of organic 
chemistry in the University of London, has been appointed chair¬ 
man of the Advisory Council for Scientific and Industrial Research 
in the place of Sir Geoffi^y Hey worth, who resigned owing to pressure 
of other public duties. 

Mr. J. S. Colman, senior lecturer in zoology in the University 
of Sheffield, has been appointed director of the Marine Biology 
Station at Port Erin, Isle of Man. 

The B.B.C. amiounces that this year’s Reith Lectures will be 
given by Prof. J. Z. Young, P.R.S., professor of anatomy at Uni¬ 
versity College, London, on the subject of Douht and Certainty in 
Science. The lectures will be broadcast in the autumn. 

We have noted with great regret the announcements of the 
death of the following scientific workers during the quarter : Prof. 
J. A. Crowther, emeritus professor of physics m the University of 
Reading ; Prof. Richard Fosse, formerly professor of chemistry 
applied to organisms in the Natural History Museum, Paris ; Prof. 
C. S. Gibson, O.B.E., F.R.S., emeritus professor of chemistry in 
the University of London at Guy’s Hospital Medical School; Dr. 
A. E. M. G. Gillam, lecturer in chemistry in the University of 
Manchester ; Dr. Robert Gurney, zoologist; Sir Norman Haworth, 
F.R.S., emeritus professor of chemistry in the University of Bir¬ 
mingham ; Sir James Henderson, formerly professor of applied 
mechanics, Royal Naval College, Greenwich; Prof. Alexander 
Klemin, Guggenheim research professor of aeronautical engineering, 
New York University; Dr. H. R. Mill, geographer and meteor¬ 
ologist ; Prof. T. H. Milroy, emeritus professor of physiology. 
Queen’s University, Belfast; Prof. G. R. Minot, emeritus professor 
of medicine. Harvard University; Prof. A. M. Mosharrafa Pasha, 
professor of applied mathematics and dean of the faculty of science 
in the Fouad I University, Cairo; Dr. R. H. Rastall, geologist; 
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Prof. J. A. Eyle, professor of Social Medicine in the University of 
Oxford; Prof. F. W. Twort, F.R.S., lately sux>erintendent of the Brown 
Institution and professor of bacteriology in the University of Ijondon; 
Prof. S. E. Whitnall, formerly Biobert Rcford professor of anatomy in 
McGill University and later professor of anatomy in the University of 
Bristol; Mr. A. J. Wilmott, deputy keeper in the Department of 
Botany, British Museum (Natural History); Prof. W. P. Wynne, 
F.R.S., emeritus professor of chemistry in the University of Sheffield. 

We have received a copy of the forty-second Annual Report of 
the Governing Body of the Imperial College of Science and Tech¬ 
nology of London University for the year ending July 31, 1949. 
The report covers staff changes, an extensive list of publications 
by members of the College, statements of accounts, and notes on 
recent developments of College activities. One of these refers to 
a subject which appears to be new in the Universities of Groat 
Britain, namely Public Health Engineering. The Trustees of the 
Rockefeller Foimdation have offered $27,200 to further the subject 
dming 1949-62, and these funds will be used partly to cover the 
cost of a Research FeUow at Imperial College and a Tutor at the 
London School of Hygiene and Tropical Medicine. This venture 
should help to strengthen the links already existing between the 
College and Institutions in U.S.A., and further developments will 
bo awaited with interest. Additional evidence of the friendly 
relations between the College and Industry is afforded by the 
announcement of the establishment of the Henry Mark Pease 
Readership in Telecommunications, financed by Standard Tele¬ 
phones & Cables, Ltd., and a lectureship in Concrete Technology, 
added to the existing Chair in the subject, both financed by the 
Cement Makers’ Fedeiation. The Report includes statements on 
building plans, with particular reference to the site immediately 
north of Imperial Institute Road. The departure of the Royal 
School of Needlework at Christmas 1948 has already allowed much 
needed expansion of some Departments of the College. In view 
of recent discussions on the education of technologists, it is interest¬ 
ing to read that a Committee has been appointed to examine the 
problem of cultural studies in a College primarily devoted to Science 
and Technology (though it is recognised that there are cultural 
aspects of these fields of study). The number of full-time students 
in 1948-49 was 1428 compared with 1610 in the previous session. 

The Journal of Beaearch of the National Bureau of Standards 
for January 1960 contains an account by D. B. Judd of the modi- 
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floation of the coloxir temperature scale made necessary by the 
revision of the International Temperature Scale in 1948. The 
changes arise from the substitution of the Planck radiation formula 
for the approximate Wien formula and the change of the Wien 
constant Ca from the value 1-4320 to 1*4380 cm. deg. C. The colour 
temperature in question is the temperature at which a black body 
emits light of the same colour os that emitted by the body whose 
temperature is required. It has been shown that for tungsten 
filaments changes in this colour temperature are approximately 
equal to changes in temperature as indicated by an optical pyrometer 
using light of wavelength 6500 A. For industrial use the Bureau 
has issued secondary tungsten lamp standards with ctn‘tifioates 
stating the voltage required for any specified colour temperature 
on a scale established in 1934 and based on the original International 
Scale. Temperatures above those which can be obtained by passing 
a current through a tungsten filament are determined by passing 
the light from the glowing filament through colour filters {e,g. of 
blue glass) which produce colour effects characteristic of tempera¬ 
tures above those of the filament. By the use of lamp-filter com¬ 
binations, standards of colour temperature are available over the 
range 1800'’ to 25,000'’ K. on the 1934 scale. The present paper 
gives the corrections which must be applied to values on the 1934 
scale to reduce them to the revised (1949) scale. The following 
list gives some of these corrections, the 1919 values being given 
between brackets : 1800'’ K. (1797), 2000 (1996), 2500 (2491), 3000 
(2985), 5000 (4940), 10,000 (9680), 25,000 (22,800). It may bo m m- 
tioned that the freezing-point of platinum on tlio 1948 international 
scale is 2042° K. ; the old value (1927 scale) was 2046° K. 

A paper by Dahl and Cleaves in the Journal of Research for 
December 1949 describes a new determination of the freezing-point 
of uranium, using the technique developed at the Bureau for the 
determination of the freezing-point of platinum. Earlier deter¬ 
minations of the uranium point gave values from 1075° C. to 1800° 0., 
a surprising variation, possibly explained by the fact that, in the 
presence of certain gases, a casing of crust forms on the surface of 
the metal when it is heated, causing it to present an appearance 
of solidity imtil, at temperatures far above the melting-point, the 
molten metal succeeds in breaking through the crust. Molting m 
vMva is indicated, but when that is done there is an evolution of 
volatile material which deposits on the window above the crucible 
and interferes with the pyrometer observations. In the experiments 
now described the metal was heated in an atmosphere of helium to 
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a temperature about 60 deg. C. above the freezing-point, which was 
then determined by the cooling curve method. Repetitions of the 
experiment with the same sample of metal gave values which rose 
to an upper limit after the material had been maintained in the 
molten state for some 16 hours, during which time its purity increased 
to about 99-99 per cent. The value finally adopted for the freezing- 
point of uranium of this purity was 1133 ± 2° C. 

The British Scientific Instrument Research Association has 
issued a most attractive booklet describing the facilities offei 
by the Association and illustrated by photographs of the varu 
laboratories housed in Sma, the country mansion at Elmstead Woo> 
Ohislehurst, which the Association has converted and equipped 
a cost of £60,000. The work is divided between six departments, 
electrical, electronic and optical instruments, mechanics, physics 
and chemistry, with a common workshop and drawing ofiicc 
Membership of the Association is restricted to British firms actually 
engaged in the manufacture of scientific instruments, but, since 
1948, other concerns, in particular large users of instruments, may 
join as Associate Members having the right to the full services of the 
Information Department and Library (at 17 Princes Gate, London, 
S.W.7) and through the Director of Research (A. J. Philpot, C.B E.) 
or the Information Officer (C. W. Hanson, B.Sc.) to the advice of tlw 
research staff on particular problems. The subscription for thi 
class of membershii) is from £10 to £28 jxsr annum. 

The Tin Research Institute has published a booklet containin 
graphs showing existing data on the thermal equilibria of 36 tii 
containing binary metallic systems. References are given to thi 
papers containing the data on which the diagrams are based and 
there is, in addition, a five-page bibliography of publications on 
all the ternary tin alloy systems which have so far been partly or 
fully investigated. The booklet can be obtained from the Institute 
at Fraser Road, Greonford, Middx., price 2s. 6d. post free. 

The Institute has pointed out that our supposition on p. 343 
of our last issue regarding their journal Tin and ita Uses is incorroc^k 
The journal is not intended to be a monthly publication, but is 
published only twice yearly. 

The Public Relations Branch of the Office of the High Commis¬ 
sioner for New 2iealand, London, issues every fortnight a stenoUled 
News SvUetin, containing two or three articles descriptive of con¬ 
ditions in that country. Matters dealt with in recent issues are: 
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(a) A survey of the Labour Force, showing incidentally that the 
Maori population is now increasing at the rate of 3500 per annum 
and that the Maoris are choosing to work on secondary industries 
rather in farming, (b) An account of the work of the Cawthron 
'j:rt»tnttrte for Agricultural Research, including the very important 
soil surveys, the introduction of a parasite which destroyB woolly 
aphis and the discovery that “ bush-sickness in livestock is due 
to cobalt deficiency, (c) Details of the remarkable rural weather 
forecasting service. By sending a telegram to the Central Office 
at Wellin^on a farmer can obtain a local forecast to guide him in 
planning his operations, or arrange for information to bo sent to 
him when periods of fine or cold weather are likely in his district. 
The service is widely used by farmers, fishermen, the Forest Service, 
manufacturers to whom immediate weather conditions or general 
climatic conditions are of importance, and even by members of the 
public anxious to choose a fine day for the weekly wash ! 

The Historical Association (21, Bedford Square, London, W.C.l) 
has published a pamphlet (G.15, price 1/?. 7d. post free) by Dr. A. 
Armitage which, under tlic title Copemicvs ami the Reformation of 
Astronomy, contains a concise, reasoned and entirely admirable 
account of the history of ideas concerning the nature of the universe 
from classical times to the twentieth century. While, as the title 
suggests, the central theme of the essay is the heliocentric hypo¬ 
thesis proposed by CoiKjmicus in his De Revolutionibus Orbium 
CwUstium Libri VI in 1543, it includes a succinct account of classical 
and mediaeval astronomy, exliibits clearly the parts played by 
Kepler, Galileo and Newton in the development of the hypothesis, 
and shows why, seventy-three years after its publication, the book 
was placed on the Index of Prohibited Books ’’ and the theory 
declared “ to be unphilosophical if not heretical.*’ There is also 
some account of Copernicus himself. He became acquainted with 
the procedure for making astronomical observations as a student 
at the Polish University of Cracow, studied canon law at Bologna 
and Padua, took his doctorate at Ferrara, taught for a year at 
Rome, returned to Padua to study medicine, and, finally, after ton 
years in Italy, returned homo ” to Frauenburg in Ermland, where 
his unole, Lucas Waczenrode, as Bishop, was both ‘‘ spiritual and 
temporal ruler.” Here he was appointed Canon, acted as physician 
and assistant to his uncle, and later took an increasing share in 
the government of the Cathedral and the State. He had an 
apoplectio fit towards the end of 1542 and died in May 1643, having 
'' just received Wa first copy of his newly printed book,’* 
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Divergent Series. By G. H. Hardy. [Pp. xvi + 396.] (Oxford : at 
tho CJorendon Press, 1949. 30^. net.) 

This book is the last which Prof. Hardy wrote. It is on a subject on which 
ho frequently lectured in Cambridge, and many of us who attended those 
lectures look back on them as some of the finest he gave. They have now 
boon prcsorveil in a form in which they retain all their freshness, and can be 
apprf'ciatod by a much wider audience. 

Tho book deals with tho theory of divergent st^rios in tho form which 
has now become classical. The first two cliapters contain many historical 
references which everyone will find of groat interest. Chap. IH deals with 
the general theory of linear transformations by Tooplit z matrices. Tlie results 
of this chapter are applied in tho following chapters, where special methods 
of summation are considered. 

Chaps. V and VI are on Arithmetic Means, and tho first of those gives 
what is probably the most comploto account in the literature of the Ceskro, 
Holder and Riesz means. 

Tauberian thooreras for Arithmetic means and for Power series are con¬ 
sidered in Chajis. VI and VII respectively. Here Hardy is writing of work 
to which ho, together with Littlewood, made very great contribut’ons. 
Indeed one cannot help recalling a remark of Wiener’s that, had not 
usage established otherwise, Tauberian ihooroms might have been more 
appropriately named Hardy-Littlewood theorems. The chapters on Tau¬ 
berian thooH'ms are probably tho fLiost in tho book. The closely related 
work of Fuchs and Rogosinski on inclusion theorems for Hausdorff means is 
given in Chap. XI, and Chap. XII contains a remarkably lucid account of 
Wiener’s Tauberian theorems. 

Mathematical literature has boon greatly enriched by this work. We are 
also very much indebted to Dr. L. S. Bosanquot, who assistecl Hardy through¬ 
out, and saw the remaining proofs through tho press, when Hardy was unable 
to continue working. 

A. C. 0. 


Introduction to Topology. By SoiiOMOn LBrscHSTZ. Princeton Mathe¬ 
matical Series, No. 11. [Pp. viii + 220, with 74 figures.] (Princeton, 
N.J.; Princeton University Press ; London: Oxford University Press, 
1949. Z2a, not.) 

The student of mathematics who has just graduated and wishes to research 
in topology is faced immediately by the difficulty of knowing what to read. 
The best advice in the past has been to gain a sufficient gtasp of the German 
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language in order to study Seifert and Threlfairs Lehrbuch der Ihpologie, 
if, by chance, a copy should bo available. 

Now Prof. Lefschotss hew wi*itten a textbook whoso avowed object is to 
satisfy the need of the newly-graduated, and lie has succeeded, wiilun the 
compass of some 200 images, in introducing all the main ideas and theorems 
required by the beginner. By keeping strictly to polyhedra (t.e. roclilinear 
figure's embeddtxi in Euclidean space of sufficiently high dimension), ho has 
facilitated intuitive aids to imdcirstanding of the text and avoidcxl the neces¬ 
sity of introducing the more atlvanoed ideas {e,g, singular, Cfxih homology 
theory), which are encountered later. 

The book opens with the fomidations of “ point-set ** topology and pro¬ 
ceeds through two-dimensional coinp^cxc's to tho consideration of |X)lyhcdral 
complexes of higher dimensions and, in particular, of inomfolds and the 
various duality theorems appropriate to them. Not only is tho classical 
homology theory given a thorough treatment, but also—and piutieularly web 
come—tho more recent Hiuewicz homolopy groups (genc'nilisations of tho 
fundamental group) are defined and treated, and theorems relatmg the 
homotopy groups to tho homology grou|)M are given. So far as the reviowf'r 
knows, this is the first textbook dealing with this powerful tool of modem 
topology. It is, however, a pity that the definition of tho homotopy groups 
in terms of mappings of n-cubes is not also given, for, though the conmmta- 
tivity of the groups is not so obvious, the group operation is very simply 
formulated. 

An excellent feature of tho book is tho provision of exorcises at the end 
of each chapter which will test the reader’s grasp of its contents and develop 
his ability to use topological arguments. At the end of tlie book is a biblio¬ 
graphy of books and papers on topics treated in the text, tho omission from 
which of M. II. A. Newman’s Topology of Plane Sets seems imfortimate. 

P. J. Hilton. 

The Variational Principles of Mechanics. By Cornelius Lanczos. 
Mathematical Expositions, No. 4. [Pp. xxvi + 307, with 22 figures.] 
(Toronto : University of Toronto Press ; London : Oxford University 
Press, 1949. 42^. not.) 

It is one of the chief objectives of true mathematicians to seek out the essence 
of their subject and, as it were, to distil it into its purest and most essential 
form. Nowhere is this more clearly revealed than in mechanics, whore start¬ 
ing from Newton’s equations of motion, which are both unnecessai'ily clumsy 
and also dependent on the system of co-ordinates used, we end by the assertion 
that all mechanics is included in the condition that a certain integral shall 
have a stationary value for the trae solution of any problem. In statics 
wo ore familiar with this as the Principle of Virtual Work : in dynamics it 
appears as the Principle of least Action (Mauportuis), or of least Constraint 
(Qauss): in optics as the Principle of least Time (Format), There are similar 
applications in Quantum Theory and Relativity. 

The subject is as inherently beautiful os any branch of mathematics— 
which is saying a lot—and ono of the greatest attractions of this book lit's in 
the evocation of this beauty. Here, despite frequent summaries of each 
section, enclosed in black rectangles and looking for all the world like tomb¬ 
stone tablets, there is a sense of joy and even ^ '^nose in tho unfolding of the 
story. Here is no examination-book, abour jtions^on tops and 

/ 
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gyro8copc8, and continually asking: what uso is this tcchniq\ie for solving 
problems T It is not imfair to say tl\at this is one of those relatively rare 
books that are SAiitablo for muturor minds, intent to appreciate the living 
pattc^ni of mathematics. It is not primarily for the exjxjrt, sinco all the 
necessary previous knowledge is nothing more than the partial differentiation 
of Stokes* and Green’s theorems. Tlioso who read this book—alas! that 
devaluation makes its price so high—will most certainly enjoy it; and they 
will quite possibly end by b('ing convinced, in the words of the author, that 
the development of Variational Principles represents “ a magnificent chapter 
in the evolution of human thought.” 

It is hard to cavil at such a nice book. But it would have been even 
more attractive had it not suffered from im almost complete omission of 
Relativity theory and Quantum theory, in both of which Variational pro¬ 
cesses play a quite fundamental role. 

C. A. COULSON. 

University Mathematics. By Josp:pif Bi^akby, Ph.D. fpp. viii t 527]. 

(London and Glasgow : Blaekie & Son, Ltd., 1949. 25ii. net.) 

This book is intended to give, in one volume, all the pure mathematics 
required for a General degree in science ; and it will b<^ agreed that there is 
iie»ed for such a comprehensive textbook. The author has selected his topics 
with care, and it is fair to say that ho has included the important things and 
avoided iirclovancies. In the detailed execution of his programme, however, 
he has been much Icjss succossful, and the tn^itmont is often inadequate and 
sometimes dangerously misleading. While the kind of rigour that is 
demanded in Honours mathematics would be quite out of place in a course 
for science students, and while it is right in a book like this to appeal freely 
to geometrical intuition, there is no justification fur sacrifice of accuracy or 
clarity. Subtle distinctions ne«Kl not be mode ; but whatever discussion is 
enterecl into must l>e clceur and convincing nt its level, and when a now idea 
is brought in the student must see a reason for introducing it. 

A few examples will indicate the nature of the shortcomings to which 
exception is taken. On page 2 an expimsion for (a + xy* is assumed “ for 
all rational values of n,” and only afterwards is the question of its validity 
touched upon. The fimotion sinli x is defined as l(r® — c”®) ” with x taken 
in radians, i.e. a puro lUimbor ” (page 32). On page 263 wo find a classifica¬ 
tion of conics aocordmg to eccentricity, with the values 6 « 0 and c oo 
given, without explanation, for the circle and the pair of lines—eccentricity 
having been defined m tc»rms of the focus-diroctrix property. Fmally, on 
page 430 moments are taken about a plane. 

Mr. Blakoy’s book, then, is quite well arranged, and the second half is 
considerably better than the first; brit its slipshod character will not help 
to improve the quality of the work done by science students. Nor is it 
helpful to the many (educationalists who are so seriously worried by the 
prevalence of illiteracy and lack of precision in the uso of English when a 
university textbook has as the heading of one of its sections ” Integration 
considered as an area.” 


G. T. K, 
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Mechanics : Statics and Dynamics. By Merit Scott. fPp. xii 
4- 394, with 251 figuroa.] (Nuw York, Toronto, London : McGraw- 
Hill Book Co., Inc., 1949. 38^. Od. not.) 

Accobdino to the author’s preface, this book is intended primarily as a text¬ 
book for a University course of about Intermediate or first-year standard. It 
should, in fact, serve this purpose very well, for first-year students of Mathe¬ 
matics os well 08 students of Physics or Enginoering. 

Port I of the book deals with Statics and begins with two chapters on 
vectors and vector algebra, with a bric‘f i reotment of vector analysis. Vector 
methods are, in fact, frequently applied throughout; the book. The groimd 
covered in Part I is about the same as in existing t(»xtbooks at this level, but 
there is a fuller treatment of moments and prmluci.H of inertia and an excellent 
chapter on Elasticity, giving the analysis of stress and strain. Tlie chapter 
on Structures and Beams includes Euler’s theory of struts and a brief tmat- 
ment of tension webs. 

Part II deals with Dynamic.s and opems with a chapter on Kinematics, 
treated by vector methods. ILto again the scope of this part of the book 
compares well with that of existing textbooks. Tlif> last cliapter, however, 
deals with three-dimensional motion luid the ecpiations of motion of a rigid 
body. There is a brief discussion of the steady motion of a lop and of the 
formulation of the equations of small oscillations of an aircraft about steady 
horizontal flight. 

The presentation is clear throughout the book, and there is a judicious 
selection of the 8ubj<^ct matter in the various chapters. Eiich chapter is 
followed by a good number of example's, many of them numerical. There 
is an odoquatf) index and also a list of symbols us('d in the book. The 
standard maintainetl in the printing both of the text and of the diagrams is 
uniformly high and enhances the value of tlie book. L. A. W. 

Applied Mechanics : Statics. By George W. ITousner and Donald E. 
Hudson. [Pp. x -f 220, with 355 figures.) (New York : D. Van 
Nostrand Co., Ino. ; J^ondoii: Macmillan & Co., Ltd., 1949. $3.00 

or 158, net.) 

One may well be forgiven for wondering why anotlior book should added 
to the alit^y long list of elementary textbooks on Statics. In fact the 
authors of this book admit in Appendix I that “ the subjects discussed in 
this book are treat^xl in a very large numb<T of books ” and procee<l to give 
a list of fifteen of them. It is only natural that students prt'fer textbooks 
written by their own teachers and, pr««umal)ly with this in mind, the authors 
wore inspired to write this one. 

Although primarily intended for Intermediate students, the book doc's in 
fact go some way beyond that stanciard in dealing with such subjects as Dot 
and Cross Products of Vectors, Principles of Virtual Displacements, Stability 
of Floating Bodies, the Catenary, etc. 

In the text and also in many worked examples, particular emphasis has 
rightly been laid on the importance of the “ Isolation of Mechanical Systems 
and the careful tlrawing of “ Free-body Diagrams.” So often, students will 
just not take the trouble to draw those diagrams and cohsoquontly fail to 
solve the pcwriiculftr problem, 
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Great care is taken in Chap. IV to distinguish between Centres of Gravity, 
Centres of Mass, and Centroids of lengths, areas, and volumes. Unfortunately 
the same careful distinction is not made between Moment of Inertia (t.e. 
second moment of a Mass) and Second Moment of an Area. This invariably 
loads to confusion between the corresponding units, namely lb. ft.* and ft.^ 
respectively. Tlie theorems of Pappus involve important principles, and 
their proof, together with some worked oxivmplos on their application, could 
with advantage bo included. In the sections devoted to Hydrostatics the 
principles are very clearly expoundinl. No roferonco is made, however, to 
the problem of calculating the thrust on the curved surface of a vessel due 
to a fluid inside it. The normal student would find some difficulty in 
following tho steps leading to the equation for the metacentric height. 

Excellent diagrams, and a great variety of worktxl examples ; tables of 
Centroids, Moments and Products of Inertia, together with squares of radii 
of gyration for plane and solid ilguiH^s ; all theso oombino to make an attrao- 
tivo and very useful addition to the list of textbooks on Statics. 

F. C. H. 


A General Kinetic Theory of LiqpuidB* By M. Born, F.R.S., and 
H. S. Green. [Pp. viii 98, with 2 figures.] (Cambridge : at tho 
University Press, 1949. 10^. 6d. not.) 

This book is a collection of five papers of a series on tho genor«il kinetic theory 
of liquids and another paper on tho kinetic basis of thermodynamics which 
appeared in tho Proc. Roy. Soc. in 1947~48. These pfq>er8 constitute a most 
interesting now and systematic approach to tho theory of the liquid state, 
whore development has boon lagging behind that of the tlioory of gases and 
solids, because on tho one hand tho simplifying assumptions of the kinotic 
theory of gasos cannot bo applied to a dense assembly of molecules and on 
the other hand the methods so successfully used in tho theory of solids can 
only be applied to tho treatment of systems with a high spatial order. 

The new method consists essentially in tho introduction of sots of d itribu- 
tion functions for singlets, doublets, triplets, etc., of rnolcxjules in on assembly, 
and the setting up of dilferontiol equations for them which are goneralisations 
of the Boltzmann equation of the kinetic theory of gases. First, the equili¬ 
brium properties of fluids are trt'ated on this basis ; in particular, explicit 
formulae for the thermodynamic functions and tho equation of state are 
derived, and it is shown that tho latter has two “ branches which con bo 
identified with the gaseous and tho liquid states respectively. Next, tho 
theory is applied to tho dynamics of fluids, and here the authors endeavour 
not only to derive the thermo-mechanical equations of motion but also rigor¬ 
ous expressions for tho coefficients of viscosity and thermal conduction. 

So far the theory is founded entirely on classical mechanics ; the next step 
consists in replacing classical by quantum mochanios, which is achieved by 
translating the classical formalism into the quantum formalism in the usual 
way, i.e. by replacing functions of tho co-ordinates and velocities of the 
particles by operators. A most important fact is revealed in this way, namely 
that in quantum hydrodynamics the thermodynamically defined quantities 
“ temperature ** and “ pressure ” must be replaced by “ dynamically ** 
defined quantities which are not identical with the former. 

Chap. V ooustitutes the first attempt to derive the laws of thermodynamics 
from quantum mechanioe alone. A proof of a generalised H^tbeorem is given 
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Tom which the second law of thormodynatnics can bo deduced. The first law, 
lowover, does not hold generally in the usual sense in liquids, as under extreme 
quantum conditions, t.e. at very low temperatures, no clear distinction 
Detweon “ thermal movement ** and macroscopic mechanical movement of 
)ho system is possible, the former actually being of macroscopic order of 
nagnitude. This and the fact that under such circumstances the difference 
between ordinary and dynamic temperature and pressure becomes very pro- 
[louncod probably provide the duos for the understanding of the many 
remarkable properties of liquid Hell, the only “ quantum liquid ** known 
30 far. Whether, however, the explanations suggested for those phenomena 
on the basis of the theory are compatible with the oxpt'rimental facts remains 
to be soon. 

The book provides most stimulating rc'oding for all who are mterestod in 
the kinetic theory of matter and the kinetic foundation of thermod 3 mamics, 
and will bo indisjiensablo to every research worker in this field. 

R. Fubth. 

Molecules in Motion. By T. G. Cowling, M.A., D.PhiL, F.R.S. [Pp. 183, 
with 27 figures.] (London : Hutchinson’s University Library, 1960. 
7s. fid. net.) 

“ Nature cannot bo understood simply from mathematical calculations. The 
projier line of approach is neither that of the inathomaticion workmg without 
contact with experiment, nor that of the experimenter carrying out measure¬ 
ments to a steadily increasing degree of accuracy without enlightenment as 
to thoir moaning, but a middle course in which theorist and experimenter 
co-operate in building up a fruitful conception of the way m which nature 
works.” This quotation is from the author’s introduction, and the book itself 
is a tribute to the skill with which Prof. Cowling has succeeded in providing a 
roadablo survey of those proj^rtics of a gas which can be expleuned by assum¬ 
ing that it consists of molecules in motion. Some knowledge of eleinentiiry 
physics, mechanics and chemistry is assumf3d, and, where mathematical 
argument is employed, the ideas ore explained simply, without detailed 
proofs which are beyond the scope of the book. 

The earlier chapters are historical. Tliey include the philosophy of 
Aristotle and the work of Boyle, Dalton, Avogadro, Clausius and Joule. 
Following chapters discuss properties of a gas, such as free path, viscosity, 
heat conductivity, diffusion, the forces between molecules and their internal 
energy. Maxwell’s derivation of his velocity-distribution is given, together 
with a simplified statistical proof, and this is followed by an interesting chaptoi 
on the atmosphere. Finally, a few properties of ions and electrons, as they 
affect the conduction of electricity in gases, are briefly reviewed. 

The volume is well illustrated and produced, and provides the general 
reader with an interesting account of the kinetic theory of gases. In conclu¬ 
sion, the term “ standard ” might replace “ normal ” when referring to 
standard temperature and pressure. F. H. Newman. 

Dynamics of Real Fluids. By E. G. Richardson, B.A., Ph.D., 'D.So. 

[Pp. viii -f 144, with 90 figures, including 2 plates.] (London: 

Edward Arnold Sa Co,, 1960. 21s. net.) 

Dr. Richardson’s researches and publications on acoustics and hydro¬ 
dynamics are now well known and the appearance of his latest book on 
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Dynamics oj Real Fluids will be welcomed. Progress in fluid dynamics 
during recent ycArs and its applications in suiiersonic flight, jet propulsion 
and 80 on make this book a valuable addition to such works as Lamb’s 
Hydrodynamics and Modem Developments in Fluid Dynamics (edited by 
Prof. Goldstein). 

Of course the relevant word in the title of the book is “ real.” It was 
to bo anticipated thert^fore that tho opening chapter would deal with classical 
dynamics of “ ideal ’* fluids, the reader being subsequently introduced to the 
study of fluids which deport in various ways from the ideal. In this chapter 
roforence is made also to potential flow and to flow in liquids where viscosity 
is large compared with inertia—tho forces on an obstacle in a very viscous 
fluid are deduced. The technique of measurement of fluid motion is also 
dealt with. 

Much consideration is given to fluids of small viscosity, Prandtl’s theory 
of vortices and boundary layer theory. Examples aro given of the use of 
hot wire anemometers in the study of vortex flow and to investigate boundary 
layer conditions around obstacles immersed in a flowing fluid. In particular, 
the boundary layers over flat plates, in pipes and near rotating cylinders are 
considered, and theory compared with experiment. Attempts are described 
to control the boundary layer by artiflcial adjustment of the pressure or flow 
in local areas aroimd the obstacle. Reference is also made to periodic boun¬ 
dary layers where alternating flow is superposed on direct flow, and to 
circulations of solid particles in stationary soimd waves in air. In dealing 
with the flow of compressible fluids an interesting discussion is given on 
shock waves and supersonic jets. A chapter, dealing with fluids with a tem¬ 
perature gradient, refers to natural and forced convection in fluid streams 
passmg over flat or cylindrical heated surfaces, leading to a discussion of the 
behaviour of tho hot wire luiemometer. Convection at super-sonic speeds 
receives brief attention. Gravity and surface waves are considt^red from the 
theoretical aspect, followed by a description of methods of measuring wave- 
height and swell and pressure on the sea bed. An interesting and important 
discussion follows on impact forces and cavity formation when a solid body 
is projected at high speed into a liquid. The theoretical and experimental 
aspects of tho broede up of liquid jets and the formation and fall of drops are 
not only of interest academically but have important practical applications. 
The coneludmg chapters deal with fluids of anomalous viscosity, sols and 
gels, suspensions in turbulent fluids, emulsions and thixotropy. 

Dr. Richardson gives much Information arising from his own researches, 
e.gr. on vortices, boundary layers, turbulence, erosion, hot wire anemometry, 
formation and fall of drops, sea waves, emulsions and gels, etc. Although 
it does not claim to bo a complete treatise, the book is nevertheless hill of 
interest and provides a very useful summary of recent work in the field of 
dynamics of fiuids. 

A. B. Wood. 

The Measurement of Air Flow. By E. Ower, B.Sc., A.C.G.I., F.R.Ae.S. 
Thirtl edition. (Pp. viii -f- 293, with 101 figures.] (London : Chap¬ 
man Hall, Ltd., 1949. 30s. net.) 

A THIRD Cilition of this well-established textbook is welcome. That it should 
have been called for is evidence that in tho comparatively limited field of 
applied physics with which it deals it is regarded as pre-eminent, Certainly 
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any worker would bo ill-advisod who startinl a research in aerodynamics with¬ 
out a knowledge of the instruments and tfioir theory which is hero displayed. 
The author is apparently worried lest he should have put too much of his 
own research into the first two editions and has tried to correct the “ fault,” 
but we could ill <lispense with a knowledge of liis researches in this field, 
I)articularly of that which mode tho vane anemometer a precision tool. 

A good deal of the new mattc^r is devoted to refinenH'iits in the use of the 
pitot-static tube, particularly when used in turbulent or jmlsating flow ; and 
to tho plate-orifice, for which new standard ccK^fticionts are quoted ; while 
there is a lengthy description of modem seiLsitivo manometers. Only in the 
chapter on flow measurement by th<» cooling of hot-binlies would one like to 
see a more up-to-diite tn^atment. The hot-wir(» anemometer has bt'come tho 
iiistmmont par exceVvnoe for exploring thc» details of a flow system and for 
studying fluctuating flow, so that it is a i>ity to And the state of this branch 
of aerodynamics described as it existed twenty years ago. 

E. O. R. 

Streamline Flow. By H. F. P. Pitrday, B.Sc., A.C.O.L, A.M.l.Moch.E. 

[Pp. viii h 185, with 63 figuivs.] (London: Constable & Co., Ltd., 

1949. 18j?. net.) 

This book is written by an engineer by jirofeasion - the author is a chief 
designtir of the higher Diest»l <»ngines" but a inathcinatioian by inelina- 

iion. The book doc's not jiretend to be a technical tiHMvtise on the subject of 
its title, but more of an introduction to tho mathematics of hydrodynamics 
and the flow of heat. As tho author points out, ” tho uso of Gamma func¬ 
tions, Foiuier series, orthogonal fimctions, and tho integration of differential 
eqimtions by 8eri(3S and by numerical methods ” are illustrated by examples 
drawn from these two fields of applied mathematics. 

Most chapters hav<^ a section at tho end in which arc^ worked out some 
examples of a definitely practical and utilitarian character. Tt is difficult, 
however, to see what purpose is served in tho section on viscous flow in pipes 
by the approximate methods evolved for tho scpiaro and rectangular section 
tubes. The exact tn^atment of these is certainly simple enough to come 
within the scope of the book, involving as it does only an elementary applica¬ 
tion of a Fourier series to a boimdary problem, and tho reduction of this to 
an ajiproximate fonn for a/6 >3 is relatively simjile and direct. In any case 
it would have been bettor to roplcuje the index n in tho approximating function 
u *=a 0^(1 — 2 /^/a")(l — z*/6*) for the roctcuigular section by 2n, sinco tho 
form given may make u complex when y is negative, and the reader may 
well be pus^zlod as to why such a non-physical approximation gives anything 
approaching the accepted values of the flow coefficicait sought. 

It is not until tho last chapter that there is a statement of the Najiier- 
Stokes equations and consecjuently tlie development of the argument is oft<m 
by moeuis of dimensional tmalysis and may give the student a false impression 
of the way in which tho theory has evolved. Most of the common dimension¬ 
less groups have originatc<l from the strict matliematical equations and tho 
juxtaposition of variables has not been gut^ssed by a type of prevision. There 
seems to bo an unfortunate tendency to assume that, for engineering pur¬ 
poses, it ocui bo assumed that the function of a dimensionless number is 
necessarily approximated by using only one term in a power series. Prandtl, 
in his relation between heat transfer and fluid flow, showed that this was not 



dOiBNtiB! 


642 

the caae. The simple power function of the Prandtl number used in the 
Nufiselt equation for heat transfer in forced convection of duids in pipes is 
only an approximation over a limited range, and is incorrect outside this 
range. 

Much has been said on the mathematical theory of lubrication, but it still 
remains more or less an empirical art. Hie experimented teclmique and 
method of reporting results developed by Wilson and Barnard in 1922 still 
gives a better picture of what is happenmg than the Petroff equation, which, 
on analysis, seems to bo a very complicated way of saying very little. 

M. B. D. AND A. C. S. 


Engineering Developments in the Gaseous Diffusion Process. 

Edited by Manson Benedicjt and Ci-aricr Wilmamb. [Pp. xx *f 129, 
with 46 figures.] (New York, Toronto, London : McUraw-Hill Book 
Co., Inc., 1949. 11s. net.) 

This volume is ono of the National Nuclear Energy Series now being prepared 
as a record of the research work carried out during the war under the Man¬ 
hattan Project and the Atomic Energy Commission ; it describes some of the 
more important problems met with m the design and constmotion of the gas 
diffusion plants for the separation of uranium isotopes and gives an account 
of tho now procedures and auxiliary instrumonts which were found necessary 
in dealing with them. 

Whilst many of the instruments and devices described wore developed 
to moot the special requirements of isotope separation, they have in general 
a much wider application to chemical engineering problems ; and it is, there¬ 
fore, to be regretted that a more detailed description of them has not been 
made available. As an example we may refer to the account of tho Now 
Developments in Vacuum Engineering contained in Chap. 6. In the gaseous 
diffusion plant a greater degree of tightness was required than had over before 
been achieved in any commercial plant; and one of the major onginoormg 
problems connected with tho project was the development of highly sensitive 
and speedy methods of leak detection. Those are described in some detail, 
but no account is given of tho equally important techniques by which joints 
and glands are made and degassing is effected. 

The subject matter of the book is arranged in four parts : Part I—Special 
Plant Instruments and Devices ; Part 11—Vacuum Engineering; Part III— 
Developmcsnt of Heat Transfer Equipment; and Part IV—Absorption of 
Uranium Hexafluoride and Fluorine. Each section contains a statement of 
the problem, a brief discussion of the underl 3 nng theory, and a summary 
of experimental data and operational results* 

The book is illustrated by a number of detailed drawings and photographs 
of plant and apparatus, and each section includes a short bibliography. 

D. M. N. 

Physics. By C« L. Boltz, B.Sc. [Pp. 384, with frontispiece and 116 
figures.] (London: George G. Harrap & Co., Ltd., 1960. 10^. 6 d. 

net.) 

This is the fifth of Harrap’s “ Torch ” popular text-books on sciontifio 
subjects and is written by the general editor of the series. In it, in a general 
qualitative way, the author sets out to provide tho interested layman with 
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flome conception of the work of the physicist and of the manner in which 
the body of knowledge called physics htis been acquired. 

I'lio eager reader of this book will probably be suri>rised to discover that 
physics appears to bo largely a study of optics (160 pp.) with subsidiary 
interests in the phenomena of heat (48 pp.), properties of inatt<T (90 pp.), 
and sound (65 pp.). Magnetism, electricity (which forms the subject matter 
of another of the Torch boolts—^also by Mr. Boltz), atomics, etc., find no 
place in the bofik, and this is likely to induce a state of puzzled bewilderment 
in tho reader, in whoso mind there has doubtloss crystallised a somewhat 
difCerent picUno of the physicist in view of the many recent reports of hia 
activities in tho popular prc'ss and elsewhere. The reader might also bo 
irritated at having to cojie with Angstrom units, microns, sines, radians, 
etc., without previous explanation or definition, emd he would certainly be 
puzzled by tho intrusion of tho altogoth(»r irrelevant jumble of mathematical 
symbolism on p. 85. 

Within the limited scope of the book there is, however, much that will 
interest him, and certainly tho yoiuig student of physics will derive much 
satisfaction and profit from tho well-developed historical presentation given 
throughout tho book, as well os from tho excellent accounts of such topics 
os tho Young-Holmholiz trichromatic theory of colour vision, tho liquid 
state, acoustics of buildings, etc. 

Tho book is written in a stimulating and fortlaight style, although tho 
present reader found the illustrations rather unexciting. Nevertheless, in 
spite of the preceding criticisms, there is much to rec'ommtmd this volume 
to a wide range of roodei-s. 

F. Tylmk. 

Practical Physics. By Sir CvRin Amufokd, K.B.E., C.B., M.V.O., 
lion. LL.D., M,A. [Pp. xii f 173, with 01 figurt*H.J (Cambridge : 
at the University Press, 1950. 10«. Cd.) 

Tins is an imusual book. Of its fifty exjx^riments—seventoon in moohanics, 
sixteen in light, throe in heat, thirteen in current electricity, one in magnetism 
and none in sound—^not more than about eight would apiicar in a book 
designed to describe experiments to illustrate, and to accompany, a normal 
course of classwork €uid, of these few, most are here prestmtod with some 
kind of \mfamiliarity. Teachers of jihysics are continuivlly trying to give 
their work a valuable flexibility and variety and some of tho novelties of this 
book might well be used to this end. The author’s sub-title, “ A Collection 
of Experiments for JJppor Forms of Schools and Colleges together with tho 
llelevont Theory,*’ indicates that he proposes its adoption as it stands, and 
many science master may well wish that their time-table tyranny could bo 
suffloiontly lessoned to permit some at least of their senior pupils to experiment 
on the independent linos hero suggested. To others it will be a sorlom objec¬ 
tion that, generally speaking, the experiments deal with properties with 
which the pupils’ usual class course is not much ooncomod, so that the 
mathematical development of the relevant theory is unfamiliar and by no 
means simple. 

To write a school book of practical physics which arouses discussion is no 
small achievement and that it was written about a number of tests which 
have already boon set in the Cambridge Higher School Certificate examination 
is proof that it is practical in the more popular sense. 
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One or two small points call for notice. The index might well be increased 
to a useful length and it is refreshing to meet three diilerent sign conventions 
in one book. V. H. L. S. 

Heat. By M. Nklkon, M.Slc., A.K.C. fPp. viii 240, with 89 figures.] 
(London and Glasgow: Blackie & Son, Ltd., 1949. 9^. net.) 

A WBJJLCOMB feature of Mr. Nelkon’s little book on Heat is that it is really 
intended for H.S.C. and Intermediate students. It makes no pretence to 
appeal to scholarship candidates or even general degree students. Indeed, 
if anything, it is in parts a little too eleim^ntary, but, presiunably, the author’s 
wide experience as a teacher has convinced liim that tliis is a goo<l fault. 

Tl\o book deals with fundamental principles. Those are on the wholo 
clearly discussed and are in no way obscured by masses of detail. There is 
at the ends of chapters €ui abundance of questions, mcluding meuiy from the 
various examining bodies. Hc'presentative numerical examples are worked 
out in the text. Throughout emphasis is laid upon units. 

Some of the errors that occur arc surprising, e.gr. that a knowledge of the 
pressure as well as the volume and temperature is requin^ to specify tho 
state of a given mass of gas (p. 66), and that tho critical pressure of a aubstanco 
is its pressure at tho critical temperature (p. 183). Other errors are more 
subtle, c.^., in the derivation of the calorimetric cooling corri'ction, the ordinate 
separatmg tho two relevant areas unilor the temp<Tatiiro/timG curve is drawn 
from the peak of tho curve (ji. 94). 

Finally, it should be pointixl out that there is no chapter on certain 
aspects of meteorological physics. 

J. W. F. 

Colours and How W© See Them. By II. Hartbidow, M.A., M.D., 
iSc.D., M.R.C.P., F.R.S. fPp. xii 168, with 12 coloured plates and 
39 figures.] (London: G. Bell & Sons, Ltd., 1949. 15s. net.) 

The Christmas^ Lectures given each year to boys and girls at the Royal 
Institution have boon ros^Kinsiblo for a number of popular Bcwutiflc books, 
and wo have hero a volume based on tho lectures given by Prof. Hartridge in 
1946. He chose a fascinating subject for his lootures and t he book shows wliat 
a wide field of natural phenomena reveal some colour effect or another. 
Dyes, pigments, the eye, haloes, contrast, dichroism, illusions, spectra, inter¬ 
ference and many other topics all find a jilaoe, with numerous coloured illus¬ 
trations to show tho kind of effect tliat can be observed. Inevitably, in a 
fairly short book, in which so many different items are mentioned, none can 
be dealt with in much detail. In general, however, sufficient information is 
given to arouse interest in tho subject and to whet theMreador’s appetite for 
more. Since stimulation of interest is naturally one of the chief aims of this 
typo of looture oourso, Prof. Hartridge can certainly claim to have achieved 
his purpose. W. D. W. 

Sight, Light and Efficiency. By H. C. Wbstok. [Pp. xiv -f 313, with 
132 figures, including 13 in colour.] (London: H. K. Lewis & Co., 
Ltd., 1949. 42^. not.) 

Duamo the last two or three decades increasing attention has been paid both 
to the preservation of sight and to the provision of better industrial lighting. 
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It has not been appreciated, however, that the proper use of the eye in indus¬ 
try demands the co-operation of personnel officers, ophtlialmologists, lighting 
engineers and the operatives themselves. Mr. Weston’s valuable book, whilst 
giving much new and original data, serves also to co-ordmate all proviotis 
work in a field in which the author is himself so distinguished a worker. 

After a descriptive treatment of tho mechanism of vision, Mr. Weston 
reviews the various kinds of eyestrain, showing how they are caused, how 
they can be corrected, and how the various classes of suiferer can best be 
employed in industry. This leads to a consideration of visual tasks in general 
and their facilitation by such means as optical aids, the treatment of work 
objects, and the provision of the right quantity and quality of illumination. 
To the lighting engineer this book should give a clearer appreciation of tho 
factors which underlie tho rule-of-thumb methods, such as illumination charts 
and lighting codes, which are so widely used in the profession. Tho author 
urges upon the industrialist tho necessity for providing suitable seeing con¬ 
ditions for all visual tasks, and for establishing simple sight tests for employees 
so that their visual capacity can bo used to mutual advantage. 

The book is lavishly illustrated and well produced, tho few mispi ints and 
errors being so obvious that they are not likely to mislead ; though in the 
treatment of daylight factor on pp. 152-3 it would perhaps be advisable to 
include the usual proviso regarding tho exclusion of i|iroct simlight m making 
the outdoor measurement of illumination int^insity. 

Tho text is closoly written ; so closely, in fact, tliat some paragraphs are 
rather involved. Yet the whole book repays a careful study by all who aro 
concerned in industrial welfare, in the allocation of manual tasks, and m tho 
provision of natural and artificial lighting for industrial promises. 

H. H. 


Spectroscopic Properties of Uranium Compounds. By G. H. Dieks 
and A. B. P. Duncan. National Nuclear Energy Series, Vol. Ill -2. 
[Pp. xviii 4- 290, with 26 figures.l (Now York. Toronto, London : 
McQraw-Hill Book Co., Ino., 1949. 23^. 6d. not.) 

The title implies a specialised study, but tliis book covers a field of wide 
general interest full of significance in the theory of the crystalline state. It 
contains in detailed appendices quantitative measurements of tho absorption 
and fiuoreflcence spectra of a number of uranyl and double uranyl salts in 
the solid state, and the discussion centres round these data. Most of them 
were obtained at low enough temperatures and high enough dispersion and 
resolution to appear as resolved electronic-vibrational bands, so that tho 
subject takes on somo of the complexity and significance of molecular spectra. 
The fluorescence spectra are relatively simple, as they appear to onginato 
from a single excited state, and they are due to the uranyl ion ; this fact 
forms a coherent theme throughout Part I of the book. The identification 
of vibmtional levels thus becomes of groat value for detailed study of the 
perturbations due to the crystalline field and to interaction With other groups 
and is achieved both by systematic comparison of related comxx>und8 and by 
the skilful employment of modem resources like isotopic replacement; oven 
the uranium shifts have been resolved and may become the basis of important 
analytical procedures or of photochemical separation. The authors make 
quite clear that they and their co-workers have set the stage for much future 
research rather than finishing the act—^for example, in polarisation mf'osure* 

HH 
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monts whioh have so far been hampered in many instances by the technical 
difficulty«pf preparing good single-crystal specimens—but the beginning is 
impressive and is discussed with good sense from a wide spectroscopic 
experience. 

Chapter 11 usefully gives a background of X-ray crystaUographic data on 
Rb(UOs)(NOg)| and discusses the linearity of the UO| ion. In view of the 
central importance of this group, it is imfortunate that the linearity or other¬ 
wise, and the exact U — O distance, could not bo finally established. 

Part I is well illustrated with spectrograms, but the general reader will 
wish that a wavelength scale had been included. Part 11 deals briefly with 
problems of synthesis and crystal growth and contains much now material. 

O. E. Pbxnglb. 


Practical Microacopy. By L. C. Martin, D.Sc., A.R.O.S., D.I.C., and 
B. K. Johnson, D.l.C. Second edition. [Pp. x + 124, with frontis¬ 
piece and 90 figures, including 10 plates.] (London and Glasgow: 
Blackie & Son, Ltd., 1949. 6s. 6d. net.) 

The new edition of this well-known work follows the same lines as its pre¬ 
decessor, although it has been brought up to date by the inclusion of a chapter 
on the electron microscope and a section on phase contrast illumination. 

Some users of the bo#k will probably complain at its brevity and this is a 
criticism which may well be advanced against some of the sections. For 
example, it soema clearly impracticable to deal with the preparation of speci¬ 
mens for the microscoiie and to include the preparation of metal specimens 
and the use of haBmacytometers in just over nine small pages, and it is difficult 
to avoid the feeling that this space could have been better devoted to ampli¬ 
fication of certain other sections. Nevertholess, the book serves well as a 
practical introduction to the technique of modem microscopy, and includes 
chapters on photomicrography, the metallurgical microscope and ultra-violet 
microscopy. Moreover, the authors have not neglected the optical principles 
involved, while they also deal with the physical limitations of the apparatus 
which they describe. 

F. W. J. 


Bound Absorbing Materials. By C. Zwikker and C. W. Kostbn. 
[Pp. X -f 174, with 92 figures.] (Amsterdam: Elsevier Publishing 
Co., Inc.; London : Cleaver-Humo Press, Ltd., 1949. 22^9. 6d. net.) 

The origin of this book was a text written by Dr. Zwikker during the war, 
but delays in publication have made it necessary to ro-write'almost the whole 
of it—a task he entrusted to Dr. Kosten. 

The first part of the book is concerned with the theoretical treatment of 
porviom layers, wherein a useful concept called “ structure factor,” deter¬ 
mining the relation between the solid and fluid portions of the absorbent, is 
introduced. Experimental results for plasters are given to show how the 
complex stiffness^ and density components may be deduced. There then 
follows the theory of elastio absorbents. 

The remainder of the book is taken up with the tube^method for measuring 
the acoustic impedance of specimens and the absorption by resonators. There 
is perhaps too much attention paid to the practically unimportant ease of 
normal incidence, the effect of obliquity being relegated to a few at the 
end. 
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The authors aro probably correct m stating that thei-e is no book with a 
similar aim in oidatenco, and it should rxjoordingly be on tho shelves of all 
who are ooncemod with toclmical acoustics. 

E. G. R. 

Cosmic Ray Physics. By D. J. X. Montgomeby. [Pp. viii -f* 370, with 
15 plates and 97 figures.] (Princeton, N.J.: Princeton University 
Press ; London : Oxford University Press, 1949. 40s. net.) 

Dr. Montgomery’s book is particularly welcome' because he writes with a 
background of active post-war research both in America and in England. 
Moreover, he has also close acquaintance with tho important work carried 
out in recent years by tho school of Marcel Schein. 

Particular attention must bo drawn to tho illustrations. Tho plates are 
well chosen and admirably reproduced, €uid their value has boon further 
increased by detailed and informative legentis, giving bol h tiie interpretation 
cmd also, whem apfiropriate, the detailed estimates of momentum, ionisation, 
etc., which allow the reader to follow tho arguments involved in the process. 
The text figures are in nxasiy cases treated in the some way. 

In the text. Dr. Montgomery has properly resisted tho temptation to 
modify tho emphasis of the whole work to tho latest data, and tho n meson 
accordingly enters only to a minor degree. Instead, tho main linos of work 
yielding results up to 1948 are treated critically with extensive documentation. 
The two most important chapters cover respectively the Hard Gomponent 
(including penetrating shower phenomena), and the Soft Component, while 
other chapters deal with Experimental Methods, Intensity (GU3ophysical Data) 
and Heavy Partioloa (Protons, Stars). An early chapter, whose pages boar 
the quite misleading short title “ Cosmic Ray Apparatus,” provides a useful 
summary of such topics as ionisation, diffusion of ions, recombination, motion 
in magnetic field and shower theory, and finally, in oxcellontiy chosen Appen¬ 
dices, an outlme of tho St5rmor theory, tho Arley cascade data, and the 
Princeton range-energy and range-momentum tables* are included. 

This is essentially a book for the specialist, but tho general reader pre¬ 
pared to follow the development of a subject in rapid transition will find 
here a particularly well-balanced €U3Count of cosmic ray physics up to tho 
time of writing. 

J. G. WlT^ON. 

Magnetism. By D. Shoenberg, Ph.D. [Pp. x + 216, with 8 plates and 
56 hguros.] (London : Sigma Books, Ltd., 1949. 10^. 6c/. net.) 

In this little book of some 200 pages Dr. Shoonberg has succeeded in giving 
an up-to-date picture of all tho main related electric and magnetic phenomena. 
Ho has not attempted to avoid toclmical terms, but a convenient glossary 
provided at tho end of the book enables tho reader to refresh his memory in 
the easiest possible manner if ho finds it diffieult to grasp the meaning of a 
term, like susceptibility, at a first encounter. Moreover, oven simple mathe¬ 
matical statements ore employed only when they rtially lesson the effort 
roquired of tho reader in his attempts to grasp unfamiliar physical facts. 

It is not easy to write a book of tlus kind without some ambiguity or 
error, brought about by the severe condensing of so much scientific and 
toohnological material in so small a volume. Nevertheless, the book is sur¬ 
prisingly free from such faults, both in the treatment of modem theories and 
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in desoriptions of practical applications. Adequate attention has been paid 
to the theoretical aspects of diamagnetism, paramagnetism and ferromagnet¬ 
ism and to the features one would expect to find in a magnetic laboratory. 
The author has, however, omitted to use or mention the oersted as the inter¬ 
national imit of field intensity. Many will no doubt continue to share liia 
apparent dislike of the term, but it has probably come to stay. However, 
its omission should not detract from the welcome one accords to an eminently 
readable book, to which tho general public, or the student in need of what is 
termed general education, may turn with much profit. 

L. F. B. 


Electricity in the Service of Man. By Sydney G. Starling, B.Sc,, 
A.R.C.Sc., F.Inst.P. Revised by H. J. Gray, M.So., LL.B., A.Inst.P. 
[Pp.x •f 256, with 140 figures, including 8 plates.] (tiondon. Now 
York, Toronto; Longmans, Green A Co., 1949. 12s. 6d. net.) 

This book was originally written by Mr. Starling and published in 1922, and 
was ‘‘ designed to present to tho general reader and to the ptudent in other 
branches of science an appreciation of the subject of electricity as it appears 
to tho physicist of to-day.” Mr. Starling included, as in his other books, 
in the subject of electricity some parts of what we should now call atomic and 
nuclear physics. To-day, electricity, especially when extended in this way, 
appears to tho professional physicist a very different subject from that of 
twenty-seven years ago, not only in respect of numerous detailed changes and 
additions, but in its whole balance. To revise Mr. Starling’s original book to 
give a true picture of the present scone is indood a major task. 

The reader’s hopes are raised by the statement in Mr. Gray’s preface ” This 
book . . . has been revised throughout and brought up-to-date. Some 
descriptions of the most recent developments of physics and their applications 
have been added. Cathode ray tubes and their use in television and radar 
and the general study of tremsient phenomena which can be converted into 
electrical impulses liavo been described at some length and some modem uses 
of photo-electric colls are given.” The revision is, nevortheloss, most dis¬ 
appointing, and the book has a distinctly okl-fashionoil air. No thermionic 
valvo later or more complex tlian the triode is oven mentioned. Tho cathode 
ray tube illustrated and desenbed is the gas-focused typo now almost entirely 
superseded by those using electron-optical focusing. The description of tele¬ 
vision occupies only a page and a half, and is confined to the transmission of 
pictures already recorded on plate or film. Tho description (” at some 
length ”) of radar is confined to 00 words mentioning only the device known 
to many as H,S. Though the photo-emissive cell is mentioned in addition 
to tho photoconductive one, the much-used photovoltaic cell is not. The 
whole advance in atomic and nuclear physios (including the atomic bomb) 
since 1922 is described in about two pages and one plate ; the whole balance 
is wrong. The cloud chamber photographs reproduced all date from C. T. R. 
Wilson, and, while very beautlfuli do not represent the scope and achieve¬ 
ments of modem work with the chamber. 

Throughout the book there are a number of incorrect and misleading 
statements, ” (semiconductors) are never used for electrical purposes ” 
(p. 16), ” the filament (of a diode valve is) either of carbon or tungsten ” 
(p. 173) and others too long to quote. 

Thus the book does not now succeed in its object in presenting the subject 
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as it appears to the physicist of today, though it is still useful for the descrip¬ 
tions of earlier work and applications. Even in its present form, a guide to 
further reading would have been a great help. 


F. A. V. 


Ionization Chambers and Counters : Experimental Techniques. 

By B. B. Rossi and H. H. Rtaub. [Fp. xviii -f 243, with 140 figures.] 
(New York, Toronto, London: McGraw-Hill Book Co., Inc., 1949. 
19s. 6d. not.) 

This book constitutes Vol. 2 of Division 6 of the declassified portion of the 
National Nuclear Energy Sorit^ which, when completed, is expected to consist 
of over 60 volumes. The difficulties inherent in transmitting information 
on nuclear physics are fully admitted by the Editorial Board and are sot out 
in lengthy prefaces and fimwords. The present effort constitutes a useful 
laboratory manual, in spite of tho fact that many of the techniques and 
circuits are now well known and some an^ even obsolescent. 

Tlie first chapter contains an account of the behaviour of fr(»o electrons 
and ions in gases. This is followed by chajiters on the ojieration of ionisation 
cliambers with constant ionisation and with variable ionisation, and an 
account of gas amplification. A description of various detectors for /J-rays, 
y-rays. X-rays, neutrons and fission products completes tho compendium. 
Tho experimental tips will prove of use to those undertaking constructional 
work on ionisation chambers. Perhaps tho most valuable part of tho book 
is tho collection of numerous graphs illustrating operational data. 

F. C. Champion. 

Atomic Energy Year Book. Edited by John Tutin, D.Sc. fPp. xx 
4- 237, with frontispiece and 23 figures.] (London ; Temple Press, 
Ltd., 1949. 21s. not.) 

Accordinu to tho preface this book is intended to supjily a convenient means 
whereby tho industrialist and technician may have at hand reasonably up- 
to-date information on the development of atomic energy. Its emphasis is 
away from atomic warfare and towards the civil exploitation of atomic 
physics ; tho index contains no reference to bombs—whether atomic or 
hydrogen. 

The range of the Year Booh may be gauged from tho titles of its fourteen 
chapters—^History of Nuclear Science ; Tho First Reactor ; Atomic Energy 
Reactors ; By-products of Atomic Energy ; Some Economic Consequences 
of Atomic Em*rgy ; Ship Propulsion by Atomic Energy ; Survey of Atomic 
Energy Development (in U.S.A., Cana<la, Europe, etc.) ; Legal Aspects ; 
Design of Radiation Laboratories and Organisation of Safety Technique ; 
Human Welfare and Isotopes ; Meilical Research (Laboratory Reports on 
Applications of Isotopes); Radio:sotopics; Research Frontiers; Intei- 
national Control of Atomic Energy, 

It is perhaps inevitable that in a compilation such as this, in which an 
attempt is made to cater for various types of enquirer, the level and amount 
of previous knowledge assumed by tho rdeuler vary over wide limits. Thus, 
while Chap. II gives a journalistic account of the First Reactor, Chap. Xlil 
brings in the spin of tho neutrino and an appendix gives a Table of Nuclear 
Spin from Atomic Number 1 to At. No. $3. Similarly capture cross section 
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mentioned on p. 17 is not defined \intil p. 210 is reached, and the Rep and 
Rem units are defined in terms of tho “ r ** (rontgen) which is itself not defined. 
Nevertheless, the editor is to be congratiilated on producing a useful and 
interesting book, of wide appeal to persons possessing a scientific background. 

It should be especially valiiable to those contemplating the use of radio¬ 
isotopes as tracers *’ in medical and biological research, atxd is commended 
to the notice of hospital physicists and their radiological colleagues. 

F. L. H. 


A Symposium on Electronics in Research and Industry. Edited 
by A. G. Peacock. Tlxe Scientific Instrument Manufacturers Associa¬ 
tion of Great Britain, Ltd. [Pp. xiv -f 199, with numerous figures.] 
(London : Chapman & Hall, Ltd., 1949. 16jf. net.) 

The papers read at this Symposium form a miscellany and are in no way 
relahnl in subject matter. Some aim to be surveys, whilst others are more 
limited in scope. Many, though not all, of the authors tend to describe only 
their own firm’s products without drawing on a wider field ; one accepts ^|ia 
slight limitation, however, in view of the nature of the Symposium. 

The first group of papers deals with electronics in research. D. J. Myna^ ^ 
“ Electronics in Computing ” forms a brief introduction to the subje t 
and is provided with many references. “ Frequency Measurements—A 
Review,” by E. A. Rea Palmer and R. W. Darvill, though quoting mucf^ 
catalogue material, contains a long bibliography. R. E. Reason’s ” Thel 
Measurement of Small Displacements by Electrical and Electronic Methods 
is one of the best reviews in the book and covers several methods. In 
” Measurement of Ionizing Radiations,” G. Syke shows the orders of magni¬ 
tude that ore involved and indicates the limits to which amplifiers and 
detecting devices must work. W. Stookelmaoher’s review of ” High Vacuum 
Gauges ” will repay study showing, as it docs, the types of gauges to be used 
for different prossiux) ranges. Tho short paper on ” The Radio Sonde emd 
Its Manufacture ” by J. Foster Veevers is primarily concerned with construc¬ 
tional details and manufacturing procedure. 

Tho second group is termed Electronics in Industry.” ” Some Indus¬ 
trial Applications of Ultrasonics ” by D. O. Sproule deals with an coho sounder 
and flaw detector. ” Metal Detection in Industry ” by G. S. Elphick, 
A. R. Woods and S. Y. Logan is of interest since such application is relatively 
new and not yet widely adopted. L. P. Cort6, in “ Sound and Vibration 
Measurement in Industry,” limits himse]f in tho typos described, jiarticularly 
on the vibration aspect. ” Electronics in Sxxwtrosoopy ” by F. Holmes 
indicates the requirements to be mot by electronic apjxaratus for this purpose 
and outlines the general types used. J. Bell concludes with ” Some Develop¬ 
ments in Picture Telegraphy ” in which he describes the principal features 
of a modem system. 

A. J. Maddook., 


Electron Microscopy : Technique and Applications. By R. W. G. 
Wyckoff. [Pp. X -h 248, with 202 figures.] (New York and London: 
(Interscience Publishers, Inc., 1949. 40s. net.) 

Az/thouoh it is now more than ten years since electron microscopes became 
commercially available,nhere has b^n a lack until now of a manual of the 
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special experimental teclmiques involved in their application in research. 
Those works which have ajypeared on the physical theory and construction 
of the instrument have contained only brief treatments of prepiwative methoils 
and little more on operating techniques. ^ The gap has now been largely filled 
by the publication of two works ; TJie Practice of Electron Microscopy^ edited 
by D. O. Drummond for the Electron Microscopy Group of the Institute of 
Pliysics (Royal Microscopical Society, London, 1960), and the present volume 
by Wyckoff. The former confines itself almost entirely to specimen tech* 
niquos, whereas the latter essays a wider treatment. It uicludes hints on the 
operation and maintenance of the electron microscope, and discusses at some 
length the nature and significance of its applications in biology, as well as 
describing the relevant specimen t<^chniqu(M 3 . 

The opening chapters shortly survey the principles of electron microscopy, 
and the coristruction an<l oai)abilitics of the instriunents at present cotn- 
racrcially available. The following chapter on instnunental adjustment and 
ojxration contains much valuable information, but is rnthc'r compn'ssed and 
may be difficult to follow imlcss the reader is already familiar with the typo of 
electron microscope employed in the author's laboratory. The c’hii^f methods 
of specimen preparation are then described, including a variety of replica 
teclmiques for the examination of surfaces. The chapter on metal shadowing 
is especially complete and informative, as was to Ixj exiK>cUHl of the' originator 
of the techm'que. 

Tlio main directions of application of the instrument in metallurgy and 
biology are discussed in the second half of the book. The treatment of the 
former is rather shorter and less critical than is that of the latter field, reflecting 
the author’s own preoccupation with biophysical research. No better account 
hew appeared emywhere of the biological problc^ms in which the electron micro¬ 
scope con bo a valuable aid, and of the work so far carried out with it Investi¬ 
gations of the structure and properties of bacteria, animal and plant viruses, 
fibres and tissues, ore all fully described and their biophysical applications 
discussed. The extent of the evidence now becoming available on the 
macromolecular structure of biological material may come as a surjirise to 
many among both physicists and biologists. Tlie whole text is marked by 
a clarity and conciseness that might bo expected of a writer describing his 
own field of work, but is rarely found in tho result. It also shows an oven 
rarer freedom from technological jargon, so that the second part in particular 
con bo highly recommended to nonspeoialist readers, giving os it does a 
fascinating account of tho activities of the biophysicist in tho border regions 
between living and inanimate matter. 

V. E. C. 


An Introduction to the Theory and Design of Electric Wave Filters. 

By F. ScowBN, B.So., A.Inst.P. Second edition. [Pp. xii -f 188, 
with 71 figures.] (London : Chapman & Hall, Ltd., 1950. 18«. net.) 

This is a revised edition of a book first published five years ago. In its new 
form the principal change is represented by the inclusion of Darlington’s 
insertion-loss method of filter design, a valuable dc'velopmont in the technique^ 
After a survey of some mathematical relationships and circuit theorems 
particularly applicable to tho solution of filter problems, tho author introduces 
the ladder network, with special reference to constant-K sections, m-doriva- 
tion, insertion loss and phase-shift chcuracteristics. Ha then proceeds to 
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discuss the half-sociion filter for low-pass, high-pass and band-pass applica¬ 
tions, giving practical examples of each. Lattice networks are also dealt 
with and their use in the design of crystal filters is considered. This is 
followed by a brief discussion of the limitations imposed in practice by the 
oomponents of the circuit and by the interactions between them. Finally, 
the comparatively now procedure due to Darlington for designing fUtors on 
an insertion loss l^is is surveyed and a good example of low-pass filter design 
based on this method is given. The book can scarcely bo regarded as an 
introduction to the subject, nor is it really suitable for that purpose, but it 
is undoubtedly an excellent guide and reference for the design engineer. 
Anyone with Imowledge of the prmciples and wishing to establish by calcula¬ 
tion a filter to moot given requirements will find in this volume all the tools 
readily available for his purpose. The book is well produced and cloarly 
illustrated. 

H. M. Barlow. 

Recent Advances in Radio Receivers. By L. A. Moxon. [Pp. x 

4- 183, with 91 figures.] (Cambridge : at the University Press, 1949. 

18tf. net.) 

Previous volumes in this series of monographs on Modem Radio Technique 
have described tho spectacular development and application of centimetre 
wavelength equipment. This volume is devoted to those peurts of tho radio 
receiver field in which tho operation does not depend upon, although it is 
perhai^ affected by, finite electron transit times, i.e, in which ordinary valves 
and crystal rectifiers are used. The advances described ore those of tho last 
ton years, the fifth dc'code of radio receiver history, and the assumption that 
tho reader is familiar with tho technique of a decade ago means that the 
presentation must be in some parts disjointed and descriptive rather than 
didactic. 

Almost a half of tho book is devoted to the problem of noise m receivers. 
There are ohapte^rs on Noise Factor, the concept that has proved so fruitful 
in wide-band receiver design, and on its measurement. Further chapters 
discuss tho theory and design, in terms of this Factor, of amplifiers and mixers 
with low noise levels. Most of this work was initially done on the mixers 
and I.F. amplifiers of radar receivers, but is of quite general application. 
Feedback, the groimded-grid triode, and the modem high-slope pentode 
figure prominently in those chapters. 

The author’s second major topic is tho xierformance of I.F. amplifiers and 
the achievement of wide frequency band with minimum distortion using the 
various forma of tuning, coupling, and feedback. This section is again the 
fruit of radar development, and has obvious relevance to television receiver 
technique. 

The remainder of tho book is a miscellaneous collection of information 
about trends in receiver design and what tho author calls some new circuit 
tricks.” This miscellany certainly includes matters of general interest, but 
it seems out of place in a text of this kind. The chapter on circuit technique 
is particularly superfluous in view of the promised volume on that subject 
in tho same scries. Tho first two very valuable sections of tho book could 
with advantage have been published alone under a modified title. 

H, Mabriott. 
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Radio Aerieds. By E. B. Moxtllik, M.A., Sc.D. Intomational Mono* 
graphs on Radio. [Pp, xii f 514, with 243 figures, including 4 plates.] 
(Oxford : at the Clarendon Press, 1049. 60/?. not.) 

This book is chiefly devoted to the study of aerials suitable for metre uave- 
lengtlis, and contains much hitherto impublished raseareh, both theoretical 
and experimental. 

Tho theoretical foundations are laid in the first chapter, which contains 
the necossory electromagnetic theory and some radiation calculations. Ttie 
next chapter deals with the theory of aerial arrays and is followc'd by a very 
thorough trotttme^nt of tho Voo refltxjtor. Diffraction cffrxjts of semi-infinite 
shoots and the reflecting properties of wire mtish an^ then consi<lerod. Two 
chapters on diffraction by cylinders and shei'ts follow, atnl the final chapter 
of the theoretical part of the book deals with tho single isolated aerial. 

ITie remaining third of the book is devoted to cxpiTunental work, and is 
introduced by some heljiful practical advice on methods and equipment for 
aerial incasurcments. Many c'xpcrimontal radiation patterns of Vee reflec¬ 
tors and parabolic reflectors aro given, togcthiir with experimental investiga¬ 
tions of edge diffraction, lieam swinging, etc. Tho Cnal chapter deals with 
end-fire, broadside, and Yagi arrays. 

A most valuable feature of this part of the book is the thoroughness with 
wliich tiio oxix>rimental n*sults are oxplainoil and analysed in terms of tho 
preceding theory. Tho necessity of a good imdorstanding of aerial theory 
before attempting serious oxiH^rjincntal work is very clearly demonstnited. 

I. 10 HS satisfactory is tho imcntical acceptance of the induced o.m.f.” 
method of calculating radiated power, with no mention of tho well-known 
difficulty with boimdory conilitions. Similarly, tho cliapter on thi» isolated 
aerials makes brief reference to llallon's theory, but overlooks tho vital {loint 
that the near field calculated by Hall6n’H integral ocpiation mot heal do<\s 
satisfy the boundary conditions. 

Prof, Moullm is reluctant to regard c as a velocity, but tho supporting 
argument that “. . . it is but tho ratio of two syst/oms of imits ” bogs tlio 
question, and it is surt»ly inconsistent with this interpretation of r to retain, 
as Prof. Moullin docs, tho concoptioii of electromagnetic imvcs. Tlio use of 
the rationalised M.K.S. system of units would have eliminiiLed tlio foregoing 
erroneous dimensional argument, besides bringing the book into lino with 
most of the recently published work in this field. It is unfortunate that the 
Editors’ suggestion to adopt this system came too late for tho conversion 
to be practicable. 

There is no doubt, however, that this book is a valuable contribution to 
the litoraturo of atirials and will ajipeal strongly to the iK'rial design engineer. 

A. L. Cullen. 

Indentation Kardnees Testing. By V. E. liYSAUHT. [Pp. 288, with 
136 figures.] (New York; Roinhold Publishing Corp. ; London: 
Chapman & Hall, Lt<l., 1949. 44/?. net.) 

While several oxoellont books on hardness have boon published there is 
room for a volume devoted specifically to hardness testing, and particularly 
to indentation testing. The indentation test, in one form or another, is 
almost tho only typo of test used today in the evaluation of hardness in pro¬ 
duction engineering, and the summary of testing methods and their applies- 
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tion which the present book contains should make it attractive to anyone 
who is concerned with this property of materials. 

Separate chapters describe the established indentation tests and their 
applications, and the descrifitions are accurato but at times perhaps a little 
t^ concise. Bearing in mind that the book is of American origin, one may 
expect to find a bias in favour of the Rockwell test, but the amount of space 
devoted to this test is excessive. Even in the country of its origin the Rock¬ 
well test is loss favoured than in the past, and the book would have boon 
better balanced if this test had received loss and the Vickers test more promin¬ 
ence. In any case it is difficult to justify the inclusion of a separate chapter 
on the sux)o^cial Rockwell test. In other respects the book is excellent. 
Almost all aspects of indentation testing are touched on and the fundamentals 
of the indentation tost are clearly and concisely discussed. The incltision of 
a chapter on Moyer analysis is conunemlablo ; this application of the Brinoll 
t<'st deserves to bo more widely known, and it is rather a pity that the author 
did not consid^^r the applied ball test a stage further and include some refer¬ 
ence to the even lessor known, but nevertheless useful, method of analysis 
devised by Hargreaves. 

Micro hardness testing, which is rapidly becoming of increasing import¬ 
ance, has not been overlooked and the technicalities of hot hardness testing 
are briefly reviewed. The book concludes with a voluminous appendix con¬ 
taining much useful data on hardness numbers, conversion factors, test 
specifleations, and liardnoss values. Tlie reviewer can confidently recommend 
it to anyone seeking information on prosent-day methods of indentation 
testing. 

J. W. CtJTHBEBTSON. 


Photoelasticity, By H. T. Jrssop, M.Sc., F.Inst.P., and F. C. Harbis, 
M.Sc., Ph.D. [Pp. viii f 184, with 104 figures.] (London : Cleaver- 
Hume Press, Ltd., 1949. 28s. net.) 

Thb two standard works on Photoelasticity available to British students are 
the woll-known treatise by Coker and Filon and the later one by Frocht A 
small book by Filon for engineering students, which was published a few 
years before the war, served as an introduction to the theory of the subject, 
but there has not hitherto been a suitable textbook giving a general survey 
of the subject for those wishing to tmdertako practical work in stress explora¬ 
tion by photoelastic methods. The authors* aim has been to provide such a 
book ami they have very successfully accomplished their task. Wliile they 
disclaim any intention to give a complete theoretical treatment, they have 
included sufficient theory to enable the reader to understand the reasons 
underlying experimental technique and the methods which are used for 
interpreting the results thus obtained. 

Tlio first few chapters deal with stresses, strain and stress-strain relations, 
optics, polarisation, and the theory of photoelasticity, and are followed by 
one on the reduction and interpretation of observations, which includes 
descriptions of the various methods used to determine separate stresses. 
Following this is a short chapter on three-dimensional stresses, which will be 
especially welcome as it includes a description of the ** frozen stress method 
which has done so much to renew interest in photoelastioity in recent years. 
Descriptions of the photoolastio bench, straining frames, photoelastic materials 
and general experimental technique occupy two chapters which will specially 
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appeal to the Btudont wishing to experiment for himself. The book conoludes 
with a detailed description of five examples, fully worked out, to illustrate the 
methods described in earlier chapters. The examples selected are a circular 
disc under diametral thrust; a rectangular block with a square hole under 
vertical thrust; a simply supported n*ctangular beam carrying a central 
load ; a shaped bar with a central circular hole under tension ; and a railway- 
wagon coupling hook. It is unfortunate that difficulties over the supply of 
type have forced the authors to adopt unusual mathematical symbols, but 
the reader will soon accustom himself to these, imd a slight irritation is quickly 
dispersed by realisation of the excellent quuhly of the contents of the book 

A. J. S, P. 


Engineering Structuree. Vol. 2 of Colston Papers, published as a supple¬ 
ment to Research. [Pp. viii t- 260, with numerous figurt's.] (London: 
Butterworth's Scientific Publications, 1949. 25s, net.) 

This volume presents the contributions to the Symposium on Engineering 
Structures held in September 1949 in the University of Bristol under the 
auspices of iho Colston Research Society. It opens with the record of a 
lecture on current trends in structural research, in which Sir Richard South- 
well discusses extensions of Rayleigh’s principle, the advantages of potential 
energy over strain energy methods, 83 rstcmatic jiartition for complex stnic- 
tures, plastic straining and other topics. 

One of the aims of the Symposium was to focus attention on non-linear 
behaviour, and so a number of the contributions ore devoted to plasticity 
in structures and to instability. In a comprehensive paper, Roderick and 
Phillipps discuss the carrying capacity of mild steel beams and Home con¬ 
siders the effect of variable repeated loads in the plastic range. A mathe¬ 
matical analysis of the plastic deformation of rectan^ar plates under imiform 
edge loads is presented by Hopkins, using the von Kdrmdn approach. In the 
field of instability, Pugsley discusst's the strut in a non-linear medium and 
applies this theory to the waving in a tension field web. Hoff presents a 
paper on dynamic criteria of buckling and Winter considers the performance 
of comprt'ssion plates. 

Other papers are devoted to structures of thin stool plates. Sjxukes, 
Chapman and Pippard dostjribo experiments on the flexure of rectangular box 
girders, and the analysis and performance of light members prcnluced by the 
cold forming of sheet steel are discussed by Winter, Lansing and McCalley, 

The remaining contributions deal with a variety of topics. The shortening 
effect in pure torsion is discussed by Cullimore, Cox considers the effective 
stiffness of stringers and Francis describes investigations on aluminium alloy 
joints. Vogt presents a paper on the deformation of concrete under sustained 
load, and the design of stmetures on the basis of assumed deformation is 
discussed by van der Neut. Finally, an interesting review of the testing of 
structures is given by Owen. 

This volume gives an account of recent researches on a variety of struc> 
tural problems and it will provide the research worker with much authoritative 
material. It merits a distinguished place in structural literature. 

A. D. R. 
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Heat Pumps and Thermal Compressors, By S. J. Davies, D.8c. 

(Eng.). Ph.D., M.I.Moch.E. [Pp. 126, with 39 figures.] (London: 

Constable Co., Ltd., 1950. 9«. net.) 

The past twenty years have scon a number of developments in the application 
of thermodynamics to engineering, the most notable being that of the gaa 
turbine. Another field in which considerable progress has taken place, oven 
if less spectacular, is that of heat piimps, and Prof. Davies has givon an 
excellent survey of these devices in the book under mviow. Actually it is 
the only work on this subject published in Great Britain, and is based on a 
sot of public lectures given by him at King’s College, London. 

The first of these treats of the basic and actual cycles of such pumps. So 
far few of those plants exist in this country, due no doubt to our equable 
climate, but there are several in the U.S.A. Tlie largest installation 
hero is that at Norwich. This is described in detail in Lecture H. As a 
result of fuel shortage in Switzerland, several small plants have been developed 
there and the experience gained is sufficient to show that those pumps oro 
worthy of consideration here as a moans of heating buildings, combined with 
economy of fuel. Examples are also given in connection with industrial 
plants. 

In Ixxjturo HI a detailed analysis is givon of a dual purpose plant which 
may bo used either for heating or cooling buildmgs, combined with air con¬ 
ditioning. The modification of the circuit necessary to effect this change¬ 
over is mode by operating suitable valves. 

The final lecture, IV, compares space heating by simple boilers with tliat 
by heat pumps driven by electric motors or oil engines. 

Various thermal compressors are also described, together with the Philips 
hot-air engine, a war-time rejuvenation of the Stirling engine of 1827. 

Within the size of the book it would be difficult to imagmo a more lucid 
description or a more thorough analysis of the subjixit. The voliuno is a 
credit to tlie author and well worth studying. 

B. Lloyd-Evans. 


CHEMISTRY 

Annual Reports on the Progress of Chemistry for 1948. Vol. 45. 

[Pp. 379.] (London ; Tlie Chemical Society, 1949. 25e. net.) 

The latest numlier of the AnnticU Reports of the Chemical Society conforms to 
the usual pattern of these volumes and comprises a survey of aspects of the 
most important branohes of pure chomistiy and related subjects up to the 
end of 1948. The part on general and physical chemistry contains sections 
on chemical reactions induced by ionising radiations, the structure of aqueous 
solutions of soap-like substances, chemical kinetics and homogeneous thermal 
gas reactions. The article on inorganic chemistry is general and covers the 
whole field, and the organic section contains reviews on general methods, 
Igimolytic reactions, terpenes, colchicine and related compounds, recent work 
on the reactions of organic sulphur compounds, and heterocyclic oompoimds. 
Bioohemistry is represented by the fiinction of small molecules in biosynthesis, 
partition chromatography, the chemistry of insulin and the chemotherapeutic 
approaches to the T.B. problem, and the final section devoted to analytical 
chemistry discusses analytical emission spectrography, flame photometry, 
volumetric analysis and the analysis of sea water. 
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Those articles, written by experts in their particular tiolds, fully maintain 
the high standard established in previous years. It is noticeable that there 
has been a distinct trend in recent numbers rnd again in this volume on tlie 
part of many of the authors towards providing complete surv’^oys of various 
aspects of chemistry rather than presenting a true annual report of the whole 
field of chemistry for the year under review, as in the oarlic^r volumes. With 
the advent of Quarterly Reviews, future numbers of the Anmtal Reports may 
bo expected to revert gradually to the original form. 

The series well deserves the high esteem in which it is held both at homo 
and overseas. 

A. W. Johnson. 

How Chemistry Works. By Akthuk J. Birch, M.Sc., D.Phil. [Pp. 218, 
with 4 plates and 36 figures.] (London : Sigma Books, Ltd., 1949. 
8 #. 6c/. not.) 

This is one of the Sigma Introduction to Science Series, and it is said to bo 
intended chiefly for the layman ; but in the revic'wer’s judgment it is in many 
places above tlie average layman’s head. It is (‘xtremc'ly difficult to present 
chemistry to the layman, esix^eially if it is to bc' done conei.sely, and this book 
mentions a great many topics in vc'iy few pages. Tn it are discusscxl the 
history of chemistry, the atomic theory, the classification of the elemimts, 
catalysis, chemical techniques (crystallisation, distillation, chromatography, 
cmalysis, and so on), nomenclature (with a brief reference to the Dyson system), 
the development of the knowledge of the structure of molecules (including 
optical isomerism), the methods of synthetic organic chemistry, some aspects 
of industrial chemistry (including plastics), the difierent outlook of the research 
worker in pure and applitnl chemistry, photo8>Titho.sis, en74yme8, vitamins, 
hormones, the origin of life, the labelknl carbon atom technique', poison gash's, 
the place of chemists in the commimity, luid many other nsts^cts of chemistry 
and its related sciences. It is obvious that these topics can only be most 
briefly treat<xl in 218 pages, and that they have been chosen for their topical 
inter(»st/, and not because they are easy to explain and uiulei'stand. The 
author has be<*n careless in introducing topics such as formulte before explain¬ 
ing them, though there is a two-page note at the end on this subject. In the 
book’s favour it can be said that it is well writtim, accurate, ui)-to-date, ami 
interesting. It is more likely to be of interest to tho boy in his ti'cns with 
a good background of elementary chemistry than to the layman with little 
or no chemical knowledge. 

L. M. M 1 AI.L. 

Fundamentals of Qualitative Chemical Analysis. By Roy K. 

McAi^pink, Ph.D., and Byron A. Soule, Sc.D. Third edition. 
[Pp. xii -h 370, with 3 figures.] (New York : J>. Von Nostranil Co., 
Inc. ; London : Macmillan & Co., Ltd., 1949. $3.60 or 26/i. net.) 

The authors of this book hold the view that the main purpose of a course in 
Qualitative Analysis is to widen the student’s knowledge of inorganic chemis¬ 
try and to impress upon him the cardinal importance of working imder 
controlled conditions if reactions are to be carried out successfully. They 
believe, too, that the laboratory period in tho student’s time-table is essentially 
a time for the practical study of reactions rather than for tho testing of analyti¬ 
cal ability. Accordingly, they make a much greatc'r and more prolonged 
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use of solutions of known oomposition than we do in this oountry» and this 
book is evidently the training manual they use for their teaching at Ann 
Arbor in the University of Michigan. 

The laboratory exeroisos based on the examination of solutions of known 
composition, the numerous problems on theory and practice to be found at 
the end of many chapters and in the appendix, the chapter on study aids where 
questions of fifteen types are fully illustrated and discussed, and the treatment 
of the theory underlying chemical analysis offer a thorough grounding and 
training for the analyst-to-be. The beginner in this country is trained on 
difforent lines and, by comparison, is pitchforked into the task of coping with 
the practical issue of identifying the constituents of a mixture of unknown 
composition. 

Readers accustomed to the conventional type of textbook on qualitative 
analysis will find novelty in the way in which the subject matter of this book 
is presented. For example, in Chap. IV the application of the ionic theory 
to group separations is dealt with mainly by working out and explaining a 
series of problems relating to the precipitation of five of the six groux^s into 
which the twenty-throe cations discussed are divided. In the chapters on 
each anal 3 d)ical group the common compoimds and reactions of the ions are 
described and this is followed by practical instructions, with explanations, 
for precipitating and separating the constituents of the group ; then come a 
list of eqtiationa representing the reactions involved, a summary and review 
to provide an exercise in revision, and, finally, a senes of laboratory exercises 
with solutions of known composition. Those cliapters are sound and ore full 
of useful instruction and information; in addition, they contain sections 
dealing with the group concerned in relation to the groups that precede and 
follow it—a valuable feature for the beginner, who soldom lias a true appre¬ 
ciation of this interrelationship. 

The book contains a wealth of analytical knowledgo derived from ripe 
experience of the subject and, if he studies this work, the teacher of qualitative 
analysis will find plenty to interest him. Whether he will adopt it for his 
students will depend on his view as to the way in which the BubjtH)t should 
be taught. 

r L. S. Theobau>. 

/ 

/ 

^Advanced Chemical Calculations. By Sylvanus J. Smith, M.A. 

[Pp. viii 454, with 38 figures.] (London : Macmillan Co. Ltd., 

1960. 17^. not.) 

As pointed out by the author in the prefeu^o to this book, the term “ advanced *’ 
is largely relative. No student nee<l be overawed by its inclusion in the title 
of the present volume, which is intended to be a continuation of the same 
author’s IfUroductory Chemical Calci4kUions. It includes a very good series 
of worked and unworked problems ranging from below Intermediate or Higher 
School Certificate level to rather beyond tlie present General degree standard. 
Many of the examples are taken from papers set at public examinations. To 
cover such a wide range in one small volume is difficult, and it is only natural 
that the theoretical basis is only briefiy mentioned. It is probably with the 
aim of appealing to relatively junior students that tlie approach is classical, 
and that more recent topics are either omitted or receive only brief mentiem. 

The book is of a typo which should be very useful indeed for tho student 
of about Intermediate standard and also in relation to certain of tho aspects 
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of the subjoct studied by the degree student. In preparing a second edition 
the author might consider the advisability of introducing a few other and more 
advanced oxercisos which wotild make it still more valuable to Special Degree 
students in Chemistry and students of Chemical Engineering. Such additions 
might well include a few calculations based upon actual measurc^ments 
recorded in the literature, for which references could Ijo quoted. Students 
could then compare their interpretation of the results with that of the original 
author. 

J, W* S. 


Cheznical Laboratory Experiments. By Gkojigb: W. Watt and Lewis 
F. Hatch, [Pp. x -f- 185, with 35 figures.] (New York, T^onto, 
London; McGraw-Hill Book Co., Inc., 1949. 17^. net.) 

Ameiucan elementary textbooks usually differ considerably in outlook from 
their British counterparts, and this book is no exception. Most of the 
material presented is at a post-Matriculation level, but, lis the syllabus for 
Intermediate is not covered, the book cannot be recommended for general 
use in this country. 

The main criticism to bo lovelU»d against it is that basic, “ bread-emd- 
butter,** chemistry is largely avoided. Qualitative inorganic analy.sis (for 
six cations and three anions) is dismiascnl in three pag(M^. A number of useful 
and mstructivo orgamc preparations is given, including the preparation of 
“ Thiokol,” phonolphthalein, and D.D.T., but no place is fo\md for such sub¬ 
stances as ether, acetamide, nitrobenzene, etc. Quantitative U^clmiquo is left 
at a primitive stage, e,g. the most accurate balance to be used weighs to 
0*01 g. Volumetric analysis is limited to acid-alkali titrations and no mention 
is mode of normalities. 

Some of the experiments are of Matriculation standard only and the 
choice and onler seem puzzling ; thus, after useful chapters on colloids and 
electrochemistry, the reader is confronted with a section on the determination 
of tho density of metals. At the end of each experiment there is a report and 
questionnaire to bo filled in by tho student, and tho whole book savours of 
an efficiently organised, but rather impersonal, course. 

On the other hand, the experiments and demonstrations described seem 
good, and, after a perusal of tho book, one fools compelled to try some of 
them out. There is plenty of material to keep up tho interest of the student 
and a laudable attempt is made to relate ** practical ** chemistry to tho 
application of chemistry in daily life. 

In short, here is a book which is unsuitable for use as a clas.s-book, but 
which contains much interesting and refreshing material. It might well bo 
read by teachers of chemistry, so that they could select from its contents some 
now and instructive experiments to incorporate into their courses. 

J. F. H. 

Colloid Science. Edited by H. R. Kbuyt. Vol. II: Reversible 
Systems, [I^. xx -f 763, with 473 figures.] (Amsterdam ; Elsevier 
Publishing Oo., Inc.; London: Cleaver-Hume Press, Ltd., 1949. 
90s. net.) 

Ak accumulation of new factual material and the steady development of 
methods of expemnental and theoretical attack in recent years have empha¬ 
sised the need for a comprehensive treatment of colloidal systems that should 
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be in step with contemporary knowledge. The recent publication of Alex* 
ander and Johnson's Colloid Science went far to meet this need for English 
readers. It seems likely also to be met in a rather different way by a work 
bearing the same title, of which the book under review is the second volume, 
the first being still in preparation. This volume deals with systems in 
thermodynamic oquilibrium, and their colloid components. It has been 
produced by a small team, each member of which has made important con¬ 
tributions to the subject on which ho writes. A preliminary survey by 
H. G. Bungenberg do Jong, followed by chapters on the formation and struo* 
ture of macromoleoulos (ft. Houwink), thermodynamics of long-chain mole¬ 
cules (J, J. Hermans), and physical properties of randomly, coiled chain 
molecules (J. J. H.), and an explanatory review of methods of determining 
molecular weiglit (J. J. and P. H. Hermans) provides an admirable introduc¬ 
tion to the S 3 rstomatic discussion of non-electrolytic (R. H.) and electrolytic 
(J. T. G. Overbook and H. G. B. de J.) macromolecular sols ; crystallisation, 
ooacervation, flocculation, properties of ionised groups, complex colloid 
systems, and morphology of coacervates (H. G. B. do J.); gels (P. H, I£.); 
solid macromolecular systems of one component (R. H.); and micellar 
colloids (H. L. Booij). 

This is not a collection of independent monographs. The different 
divisions of the subject are treated so as to show the essential continuity 
between macromolectilar and micromolocular S 3 r 8 tems, and the value and 
fertility both of a classical method of approach and of modem concepts such 
as that of the randomly coiled chain molecule. The material has been care¬ 
fully selected, topics omitted or only briefly referred to being those on which 
information is readily accessible elsewhere. Practical methods of investiga¬ 
tion are not describe. There is no systematic tn^tment of special groups 
of colloid materials, though many of these are fully discussed in various 
chapters dealing with the properties of systems in which they occur. The 
sections on coacervation, complex systems, and the morphology of coacervatos 
(tho last-named being of a more descriptive character than the rest) are 
especially welcome in view of the w^lative inaccessibility of many of the 
original papers. 

Tho book is well produced and tho diagrams are excellent. There are 
cross-references in tho text auid a full name index and subject index. Refer¬ 
ences to published work are brought up to 1948. The translation is clei^ 
and readable, and occasional lapses from current English usage do not obscure 
the meaning. This book is a valuable accession to colloid literature and is 
strongly commended to tltose who need an up-to-date fundamental treatment 
of tho subject. 

F. L. USHSR. 


Thermodynamics of Dilute Aqueous Solutions : with Applications 
to Electrochemistry and Corrosion. By M. J. N. Poxtsbaix. 
Translated by J. N. Aoar, MA., Ph.D. With a Foreword by U, R. 
Evans, M.A., Ro.D., F.R.S. (Pp. xvi -4- 136, with 27 figures.] (Lcm- 
don: Edward Arnold A Co., 1949. 30^. net.) 

Thk English version of Dr. Fourbaix*s Thermodynamique de$ SohUions 
Aquetteea DHtUes is based on the second impression of the book, published 
in 1946.. Dr. Pourbaix's fascinating and valuable discussion of the subject 
is presented by Dr. Agar in a translation that reads like an original work. 



REVIEWS 


661 

The author discusses the general relationships between the exptirimental 
results and the theoretical deductions of many workers, including Hubstaiitml 
contributions from his own work. Apiirt from its general electrochemical 
interest, there is no doubt that the book will prove most illuminating and 
extremely valuable to those mterosted in “ corrosion reactions.” As 
Dr. Evans points out in his Foreword, the conception of domains of “ corro¬ 
sion,” ” p>as8ivit6 ” (translated os ” imrmmity ”) and ” passivation” is vividly 
illustrated on the appropriate diagrams of equilibrium potential against pH. 
To quote Dr, Evans, ” Dr. Pourbaix’s treatment . . . offers a common 
elucidation of numerous problems which are to-day regarded as quite distinct, 
and concentrates a vast mass of pertinent data in diagrams which, to those 
who have gained familiarity with this system, are remarkably simple.” 

A notable feature of the treatment is the author’s generous acknowledg¬ 
ment to earlier and to contemporary workers and liis clear statement of the 
assumptions on which his deductions are based. Ho also draws attention 
to the doubts concerning the accuracy of much of the experimental data on 
chemical potentials and he suggests lines of research likely to bo most fruitful 
in the future. 

Tlie subject matter includes a detailed discussion of thi' following systems : 
Cu-H,0, Fe-H,0, Cr-H^O, N-H,0. A list of 137 references and an index are 
provided. 

The general production of the book is of a high standard worthy of the 
subject and of the admirable way in which the matU^r is presented by the 
author and the translator. A few printing errors have been noiieetl, but 
these are minor blemishes. The relatively high price of the book in relation 
to its si«e is presumably justifiod by the adilitional costs of translation. 

F. WORMWKLL. 

Industrial Rheology and Rheological Structures. Dy Henry Green. 
[Pp. xii 4* 311, with 78 figures.] (New York : John Wiley & Sons, 
Inc. ; London : Cliapman & Hall, Ltd., 1949. net ) 

A FUBiitSHERS’ note acknowledges the assistance of Miss Ruth N. Weltinann, 
who worked with the late Hemy Green for several years, in seeing this book 
through the press after the untimely death of the author. Henry Green 
will bo remembered by older rhoologisis oVuefly for Ins early association with 
Bingliam in the use of a capillary plastometer and his aiiplieation of the 
microscope to the study of plastic flow ; more recently (1942) ho develojx^d 
a rotational viscometer, here fully desenbed, whicli embodied many improve¬ 
ments. He explains his preference for the latter type (1) by showing that 
data obtained for two paints by the capillary tube method agree neither 
with the Bingham nor with the fuller Buckingham equation and (2) by quoting 
Reiner and Riwlin’s proof that a rotating-cylinder method should allow 
plastic viscosities and yield-points to be determined for ” Bingliam bodies.” 
He gives no hint, however, why slippage should occur only in a capillary and 
not at a moving surface, nor does ho attempt to indicate how to discover 
what parts of a consistency curve are of most practical importance. Pseudo- 
plastics are somewhat cursorily treated, but on illuminating section deals 
with thixotropy and the examination of its breakdown. His rheological 
system is mainly a oondomnation of the so-called one-point method for finding 
apparent viscosity, but he also stresses the value of the microscope in the 
Study of types of flow, particle si^es and flocculation. Many of his hints 

NN 
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on microscopy and on the preparation of moimts will bo found valuable 
(though his microphotographs are n'produoetl without a scale). The chapter 
on the electron microscope might well have becai reduced to a literature 
reference. 

Errors or misprints have been noticed on pp. 11, 13, 17, 119, 268, 262 
and 294. 

Most rheologists will be glad to read this book, but few will buy it for 
their private shelves. 

Guy Barr. 

Experimental Physical Chemistry. By Farrington DANisiiS, Joseph 
Howard Mathews, John Warren Wii^liams, Paul Bender, George 
W. Murphy and Bobebt A. Alberty. Fourth edition. Inter¬ 
national Chemical Series. [Pp. xiv f 668, with 166 figures.] (Now 
York, Toronto, London : McGraw-Hill Book Co., Inc., 1949. 38«. 6d. 
net.) 

A ROUND practical course is essential to the study of physical chemistry, but 
the failure of many textbooks of the subject is that they are mere collections 
of instruction shoots for the performance of a series of classical meastirements 
and afford little link with the theoretical aspects of the subject. No such 
complaint can bo made with regard to this book, the first section of which 
gives details of 64 experiments suitable for performance by students. The 
treatment in each case includes a preliminary discussion of the theory under¬ 
lying the experiment, followed by a description of the method and an indica¬ 
tion of the means of calculating the results. Whenever possible, noU^ are 
added regarding the practical applications of the technique involved, and 
suggestions made for developments of a more advanced oliaracter. The 
experiments described range from vapour density moasuroments by the 
Victor Meyer method to the study of Hainan spoctra, and the apparatus 
used from the Ostwald viscometer to the Geiger counter. 

The second section of the book, comprising the last 200 pages, is devoted 
to a dcMscription of apparatus and methods not includod in the sot expc iments. 
A particularly useful feature is a discussion of various typos of valve circuits 
ontl of the components used in them. 

The book is based upon the courses held at tho University of Wisconsin, 
and hence it is only natur<d that many university teachers responsible for 
prcK^tical courses may disagree with tho relative emphasis laid upon the 
different branches of the subject, or may find their pot experiments omitted, 
lliere can be few, however, who will not be able to gain some now ideas from 
the suggestions put forward. Altogether it is a book to be cordially rocom- 
mondod, particularly to teachers of the subject who believe that certain 
branches of physical chemistry belong rather to tho laboratory tlian to the 
lecture theatre. 

J. W. S. 


Byntbatic Method* of Organic Chemiatry. A Thesaimis. Vol. II, 
194fi-46. By W. Theilheimbr. Translated from tho Gennan by 
A. Inobbhman. [Pp. xii + 324.] (Now York and London : Inter- 
science Publishers, Inc., 1949. 60s. not.) 

The second volume of Theilhoimer’a Synthetic Methods covers much of the 
literature of organic chemistry of 1946-46 but, as many American chemical 
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journals were not availablo to the authors at the time of publicaljoti, the 
abstracts arc largely derived from the English, French and Swiss literatum. 
The author proposes to include the American publications in a later vf'liunt*. 
The system employed by Thoilheimor lias been outlined in tho review of his 
earlior volume (Souckck Proorisss, 1949,37, 157) and, although this classi£ica< 
tion has not been widely einployt'd by organic chemists, it does have tho 
advantage of minimising tho necessity of including the samo reaction under 
several different headings. For those who do not care to use this system 
there is a good index which covers Vol. I as wc'll as the present volume, and 
there should bo no difllculty in Icxiating any particular reaction. It is not 
possible in books of this size to give a compivhensive covc^r of tlio literature 
and tho Theilheimc^r volumtis are intendtxl to be only pn^liminaries to any 
complete literature survey, although on the other hand they do enable tho 
chemist to assess rapidly an organic reaction without recourse to an extended 
search through original papers. 

The English translation lias lost little of the ocoui^acy of the German text 
and in tliis rcs|ioct is on improvement on tho translation of Vol. I. Tlio \ery 
severe price will undoubtedly be a htmdicap to individual purchas(»rs for many 
of whom a volume in tliis price range must bo regard('d as a ran* luxury. 
Readers who are accumulating this scries in tho English translation should 
note that Vols. Ill and IV will be published in tlie German (Hlition only, 
although it is hoped to resumo the translation with Vol. V. 

A. W. Johnson. 

Advanced Organic Chemistry. By G. W. Wheland. Second edition. 

[Pp. xii 4 799, with 31 figures.] (New York : Jolm Wiley & Sons, 

Inc.; London: Chajiman & Hall, Ltd., 1949. 64«. net.) 

One of the most welcome aspects of tho prt*Bent-day teaching of organic 
choinistry is tho increasing tondoncy towards a sysbimatic tn^atment rather 
tlian a presentation of a moss of imcomiocted facts. It is of course still 
necessary to teach tho redactions and metliods of preparation of alcohols, 
ketones, amides and so forth, but a full appreciation of why tho compounds 
react the way they do can only como from a knowledge of the fundamental 
theory of organic chemistry. This trend is reflected in tho increasing number 
of books dealing with this aspioct of tho subject which have apiKMind in 
recent years and among them Wholand’s present vohune undoubtedly takc'S 
a high place. Tho book is (lesigned for a second course in organic chemistry 
for students who already have a knowledge of elementary organic and physical 
chemistry. Tho flictiiai matter is pmsentf'd logiisally throughout and the 
author lias mode a good overall selection of material. Major topics include 
types of organic structures ; structural isomerism and sb'reoisoim'rism ; 
^ stereochemical sioric effects ; resonance ; raokK'ular roarrangt^meiit; tauto- 
merism and free radicals. A mild criticism of this choice would bo tho 
omission of a discussion on aromatic substitution, but on tho other hand tho 
extensive treatment of molecular rearrangements will be invaluable. Tho 
binding and general format of the book conform to th(^ high standard which 
one requires in a book of this price. Prof. Wholand has mode a vahuible 
contribution to the literature of organic chemistry, and his book >vill un¬ 
doubtedly have a wide appeal. 


A. W. Johnson. 
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Ox^anic Chemistry. By Q. Bryamt Baobuav. Intemational Chemical 
Series. [Pp. x H- 432» with 29 figures.] (New York, Toronto, Lon¬ 
don: McGraw-Hill Book Co., Ino., 1949. 36s. 6d. net.) 

Thb author refers readers to 17 recent works on organic chemistiy, and one 
might well ask if there remains tmmet any demand for another text on this 
subject. This book, which is intended for a year’s course, but contains much 
more than any newcomer could assimilate in that time, provides the answer. 

In outline it follows the familiar sequence of aliphatic, aromatic, and, in 
reasonable detail, heterocyclic compounds. The author has successfully 
avoided the uninteresting compilative presentation which is often encoun¬ 
tered. Theoretical foundations, electronic aspects, nomenclature, relations 
between constitution and colour or physiological action, technical topics, bio¬ 
chemical and pharmaceutical advances, all these and many others are sur¬ 
prisingly fully represented and appropriately introduced with close under¬ 
standing of the student’s difficulties. Formula are of good siae and clarity 
and remain of high quality in such difficult fields as those of the carbohydrates 
and polycyclic compounds. The fiow-shoets and tables, e.g. of fruit essences, 
enzymes, fate, sterouis, medicinal phenylethylamines, etc., serve a more useful 
purpose than the usual tables of homologues. Only the pictorial illustra¬ 
tions mar the whole work; chemical principles are hardly emphasised by 
pictures of a “ Tiny Tim ” rocket being launched or striking its target, or 
of body organs associated with the assimilation of food. Probably the inclu¬ 
sion of ropresontativo literature references would have been better than saying 
that a competent librarian could supply them, and would have been preferable 
to the exorcises in each chapter. Very little of the presentation will seem 
unfamiliar to the reader outside U.S.A., apart from the oocasional use of 
such terms as “ ethonoic acid ” and ” isologs.” On the other hand, the book 
contains a wealth of up-to-date detail which might be sought in vain in many 
longer works ; the structures of the penicillins, of Paludrine, Pyribena^amine, 
Demerol, Hetrazan, etc., are examples. 

This book will bo valuable not only to the student making chemistry his 
profession but also, as tho author intends, to the increasing number who 
must roetd organic chemistry as part of tho background of other studies; 
to these indeed it con be more than a textbook, it can be a dependable refer¬ 
ence work for a considerable time to come. A. H. Coox. 

Organic Reactions. Vol. V. Roqbe Adams, Editor-in-Chief. [Pp. 
viii -f 446.] (Now York: John Wiley & Sons, Ino.; London: 
Chapman A Hall, Ltd., 1949. 48s. net.) 

” Good wine needs no bush ” and this latest volume of a series which has 
bocomf^ essential for every library and aJl but essential for every serious 
research worker in organic chemistry needs no recommendation from a^ 
reviewer. To tho iliirty-eight reactions treated in the four earlier volumes 
this volume odds ten more, viz. ” The synthesis of aoetylenas,” by T. L. 
Jacobs (78 pp.; 619 refs.), ” Cyano-ethylation ” by H. A. Bruson (57 pp.; 
128 refs.), ” The Diels-Alder reaction $ quinones and other cyolenones ” 
(the third article on the diene synthesis) by L. W. Butz and A. W. Rytina 
(57 pp.; 133 refit.), ” Preparation of aromatic fluorine compounds firom dia- 
zoruum fiuoborii^ : the Sohiemann roaction ” by A. Roe (36 pp.; 142 refs.), 

” The Friedol-Cmfts reaction with aliphatic dibasic acid anhy^des ” by 
E. Berliner (61 p^; 296 refs.), ” The Qattermann-Kcch reaction ** by N. N. 



RBVIBWS 


666 

Crounse (U pp.; 35 refs.). “ The Leuckart reaction ” by M. L. Mooto (30 pp.; 
57 refs.). “ Selenium dioxide oxidation ” by N. Habjohn (66 pp.; 324 n^fs.), 
“ The Hoesch synthesis ” by P. E. Spoerri and A. S. Du Bois (26 pp.; 110 
reis.)« and “ The Darzens glyoidio ester condensation ** by M. S. Newman and 
B. J. Magerlein (28 pp. ; 87 refs.), all of which are of the usual high standard. 

Surve 3 ring the forty-eight topics dealt with in the first five volumes of this 
series there appears to be some tendency to choose for review relatively 
minor reactions of recent development rather than the oUler “ bread-and- 
butter ** reactions ; thus, to take four examples at random, there have boon 
no articles on hydrogenation, ozonolysis, esterificaticm or aromatic mtration. 
It would odd even more to the value of the series if one such article, which 
would necessarily be a long one, could be given in each subsequent volume 
in place of three or four of the shorter articles. 

As usual, the volume is well produced in a manner which befits a work 
which has ^established itself as a }X3rmanotit and \'aluab1o feature of the 
literature of organic chemistry. H. N. Rydon. 

Electronic Interpretations of Organic Chemistry. By A. Edwaud 
Remick, Ph.D. Second edition. [Pp. viii -h 600, with 31 figures.] 
(New York : John Wiloy & Sons, Inc.; London : Chtipmon & Hall, 
Ltd., 1949. 48tf. net.) 

When the first edition of Dr. Remick’s textbook appeared in 1043, it at once 
achievod a leading position in the exposition of tho principles of organic 
chemistry, they have been developed, on tho basis of tho elfH*tronic theory 
of structure, and with the aid of other physicochcmiical concc^pts, largely 
during tho last twenty-five years. Tho now “ Remick ** again takes a loading 
place in the more copious litoratm^ of today. A considerable section of the 
text is rewritten or reshaped, and port of it is entirely new. Ono result is that 
the new book is bettor balanced, better knit together, and more satisfying in 
its logical development os an exposition of tho theoretical struct uio of organic 
chemistry, them was tho old. Tho now book also contains a much better 
selection of illustrations, drawn from the oliservations «>f organic chemistry, 
and showing the significance and utility of the theoretical ideas. Special 
mention should be made of the new chapter on steroochomical factors, and 
of the useful companion chapters dealing with electron-sharing and electron- 
pairing reactions (i.c hetorolytic and homolytio reactions).' 

A review is expected to be critical, but the present reviewer can find little 
to criticiso. Possibly ho has somewhat less faith than tho author in the 
validity and significance of available bond-energy values. Ho might also 
hesitate to epitomise the “ basic principles ” quite so tersely, though the 
pedagogic value of the author*s method is admitted. But these are mere 
matters of judgment or taste. Tho book is sound, well-composed and highly 
educative. Undoubtedly it constitutes tho best available basis of instruction 
in book form in the subject to which it is devoted. C. K. I. 

An Elementary Text-book of Organic Chemistry. By D. D. Kabv£, 
M.Sc., A.I.I.Sc., Ph.D. Sixth edition. [Pp, viii -f 192, with frontis¬ 
piece and 29 figures.] (Poona ; Dastane Bros. Home Service, Ltd., 
1949. Bs.2.12.) 

This introduction to organic chemistry by the Professor of Chemistry at 
Fergusson CoUegOi Poona, is written to meet the requirements of the syllabus. 
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which ia appended, in organic chemistry for the Intermediate Science Exam¬ 
ination of the University of Bombay, by which University this book is 
recommended. Two-thirds of the book is devoted to a survey of aliphatic 
chemistry, after wliich foUows a brief account of aromatic compounds, a 
tabular siunmary of the methods of preparation and properties of important 
compounds, and appendices containing some qualitative analysis, examina¬ 
tion questions and numerical problems, and syllabuses in organic chemistry 
for the first examinations of several Indian Universities. 

The six editions of this book in twelve years clc^orly indicate that it admir¬ 
ably fulfils its immediate purposo of covering an examination syllabus. 

* However, as an introduction to present-day organic chemistry it is less satis¬ 
factory. Without intending disrespect to our chemical forebears this book 
makes a ninctoonth-contury approach to the subject. Elect rovalenoy and 
oovalency are not distinguishecl (e.g, pontacovalent nitrogen, pp. 26, 156) 
and there is no discussion of the atomic structure of carbon in relation to its 
ability to form organic oom|Kjunds. Although optical isomerism is described 
and illustrated for tho lactic and tartaric acids, the idea of geometrical iso¬ 
merism is not introduced. As is perhaps inevitable in on elementary text, 
many of the generalised methods are only half truilis (c.g. the hydrolysis of 
1:1: l-trichloroalkanes as a method of preparing carboxylic acids, p. 87) 
and lack an adequate indication of experimental conditions (e.^r. tho hydrolysis 
of esters, p. 87). The section on aromatic compoimda is marred by tho 
perpettiation of the error that in the nitration of bensene sulphuric aci^ is 
added to absorb the water and so prevent dilution of the nitric acid. T 
condenser in the diagram on p. 70 is upside down, while tho phrases “ furai 
ctipboard ’* and ** catalysor ** are unexpected. However, the main pi*^ 
of this introfluctory text is well served and at its modtwt i)nce (4«.) s'^ 
continue to interest Indian students in organic chemistry. ^ 

S. H. T 
>m6, 

Selected Topics from Organic Chexxiistry. By D. D. Karv£, . 
A.I.I.SC., Ph.D., and G. D. Advani, B.A., M.Sc., A.I.I.Sc. ““ 
edition. [Pp. vi 4- 418.] (Poona: Dastane Bros. Home ^ 3, 

Ltd. Rs.lO.-.) 

This more advanced text by Prof Karvt^ and Prof. Advani consists of thirty 
chapters on various aspects of organic chemistry. Thirteen chapters are 
devoted to natural products, whilst the remainder are divided between 
theoretical topics, surveys of retvetions and reagents, and the book is con¬ 
cluded by specimen examination questions and answers. The advent of a 
second edition within two years indicates that this book is proving popular 
with Indian students and it might also be suitable for Pass Deg^ree students 
in this country. 

The chapters on natural products are tho most satisfying, although little 
of tho woric of the past decade is included, while the accounts of the deter¬ 
mination of structures or of syntheses lose in interest through the absence, 
in all but a few oases, of names and dates. The chapters on theoretical topics 
are much loss satisfactory. Although olectrovalonoy and covalency are 
distinguished and the idea of resonance introduced, little use is made of these 
concepts. There is no account of the mechanism of aliphatic substitution 
reactions and of the influence of structure on reactivity. In discussing 
Itfomatic substitution little of the work of the past thirty yem is mentioned 
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and the present-day theory is discarded for a mochanism involving the 
addition of the entire reagent molecule at the ends of a conjugated system. 
The chapter on oompounds of abnormal valency, ue, radicals, suffors 
from the lock of a clear dofmition of a free radical and of distinguishing 
between hetorolytic and homolylic fission of a bond. For these reasons too 
the chapters on tautomer ism, oxidation, and reduction are inadequate. 

If the level of the chaptt^rs on thcou'tical and general organic chemistry 
were raiseii, this book would place before the degree student concise survey 
of the subject at a n^asonablo price S. H. Harhkr. 

An Introduction to Practical Organic Chemistry. Ry R. V. V. 

Nichoixh. Second edition. [Fp. x -|- 22(1, with 21 figures.] (Tor¬ 
onto and London : Sir Isaac Pitman & Sons, Ltd., 1949. 15^ net.) 

Tills excellent little book is divided into two sections. The fii*st (pp. 1-56) 
is a sound and well-ba]anc*e<l tu'oount of organic lalioratory technique, clearly 
writt<'n by an t'xperionct'd laboratory worker familiar with, but not hy}aiotised 
by, modem methods. It forms a sound introduction to the st>etion on 
“ Synthetic and Analytical Procedures.” This second section differs 
markedly from most pnudio^al textbooks in use in this coimtry and the 
reviewer fools that it might well serv<' as a model for a rnueh-needtHl overhaul 
of our present rather stereotype<l syst<*rn of ” pr(>i)s.” and ” spots.” Tho 
practical work is organised into thirty-one ” (ussignments,” oiicli designed to 
"^upy a three-hour laboratory period, although sornc^ seem ratlu'r too long 
®^^his. A typical assignment comprises a brief theoretical introduction, a 
^jfparation on a moderate scale, and a nuinlx^r of test-tube experiments 
^jligned to illustrate the general topic ; review questions serve to eoimect 
^h assignment even more closely with its tlu'cm^tical bac‘kgi*ound. It is 
'jEising to find tht^ measurement of physical i)roix*rties and a simi)lo pieco 
. I kinetic work included. Tht^ approach is heuristic, tho studimt being 
*Hfeouragod to think for himself and to draw his own conclusions from his 
^^wriments. The experimental directions arc clear, concise and sensible 
tho whole, tho topics covered arc well chosen. A studimt working 
through this course will have rcceivtxi a thorough grounding in pnKdical 
organic chemistry and, what is pcrhai^ even mort> important at this stage, 
will himself have verified experimentally a largo proportion of the statements 
made in on elementary lecture course. 

Tlie book is well printed and stoutly boimd, and tho figures art^ el«^ar and 
well drawn ; misprints arc few and only one (on p. 176) is serious and not 
obvious. It is a pity that tho author’s evident enthusiasm for systematic 
nomenclature has led him into such pedantries as calling acetic acid efhanoio 
€Ujid, and other ethoxyethanc. This is a minor criticism and is mode only 
because such blemishf^s are loss tolerable in a good book, as this is, than they 
would bo in a mediocre one. H, N. Rydon. 

Practical Organic Chemictry. By J. J. Sudborouoh, Ph.D., D.Sc., 
F.R,I.O., and T. Campbell jABfKS, M.A., D.Sc., F.R.I.C. Second 
edition. [Pp. xvi H 450, with 99 figures, including 1 plate.] (London 
and Glasgow : Blackie & Son, Ltd., 1949. 15^. net.) 

This book follows tho stylo of tho previous edition and the authors state 
that **an endeavour has been made to incorporate modem methods of 
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quantitative analyeis, new 83 rnthetio methods . . . As a text which 
presents clear instructions on carrying out numerous simple preparations 
and other exorcises in organic chemistry it is mostly satisfactory. It must 
be said, however, that the descriptions sometimes appear inadequate even 
for the elementary student; thus the description of the rather remarkable 
apparatus (p. 306) for catalytic reduction might well have mentioned that 
caution is roquiriMl at least in finally opening the apparatus, and the prepara- 
tion of the catalyst might usefully have been included. 

It is stated that the book has been “ completely revised . . but the 
illustrations remain archaic. While all-glass apparatus is mentioned without 
being otherwise evident, surely one should not lead students to believe that 
tap-fimnels (Fig. 1), fraction-collecting devices (Figs, fi-9), filter flasks 
(Fig. 16), reflux condensers (Fig. 18), etc., ar6 today much in use as depicted ; 
surely the student should not remain completely Ignorant of modem fraction* 
ating columns, many micro determinations, electrical heating mantles and 
similar items ; the statement that ** with a modem rotary pump pressures 
of 0* 1 mm. are roached (p. 8) is hardly suillcicnt. Again, as another example, 
it scorns curious, bearing in mind the advances in preparative methods over 
the last decade, that revision has added to tho many old references only five 
later than 1039. In short, while this text is as good as ever it was, many 
will look in vain for what might reasonably have been included; they will 
ix^gret not what tho book contains but what is omitted. A. H. Cook. 

Quantitative Organic Analyaia via Functional Groups. By S. 

SiooiA, Ph.D. [Pp. viii -h 152, with 27 figures.] (New York ; John 

Wiley & Rons, Inc. ; London : Chapman A Hall, Ltd., 1049. 24s. not.) 

This book is a compilation of standard methods for tho determination of the 
purity of simplo organic substsmees, and lists a number of tested procedures, 
both new and old. It deals in tho main with those organic analyses which 
can be achiove<l successfully by means of standard volumetric procedures, 
such as acid—alkali or iodine—thiosulphate titration, but includes also 
a few well-known gasomotric methods that aro to bo foimd in every organic 
chemistry textbook. 

Since no similar laboratory handbook has been published for many years. 
Dr. Siggia's compilation will be of considerable help to analysts who wish 
to have at hand routine procedures for applying volumetric methods to the 
rapi<l analysis of simple substances, such as carboxylic acids, alcohols, ketones, 
phenols, amines, acetylenes, etc , though it does not draw sufficient 'attention 
to the fact that tho simple routines may need drastic modification when 
complex molecules or unusual mixtures have to be dealt with. The book has 
some surprising omissions. For instance, there is no mention of the estimation 
of alkyl or acyl halides by hydrolysis and subsequent reaction with silver 
nitrate, or of tho titration of aldehydes, such as the reducing sugars, with 
Folding’s solution, potassium ferrioyanide, or similar reagents. The numer¬ 
ous gasomotric methods of Van Slyko for the analysis of aliphatic amines, 
amides, amino-aoids, etc., again have not been included, together with any 
real indioation of tho many ways in which colorimetric analysis con be applied 
to organic chemistry. Instead, the book ends with a scrappy account of 
methods of separating mixtures, whidb might have been culled from any 
standard textbook of chemistry and is of no dit^t Y<MW W ^ guide to IsJKira- 
tory technique. 
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The subject of organic group analysis is an important one, and it is a pity 
to see that it has been handled in so perfunctory a manner. A laboratory 
manual that dealt cuicquatoly with it would extend to at least throe times 
the length of Dr. Siggia’s voJume of 162 pages. 

W. A. W. 

Advances in Ccurbohydrate Chemistry, Vol, 4. Edited by W. W, 
PlOMAN, M. L. WoLFKOM and S. Pjcat. [Pp. x -f 378, with 9 figures.] 
(Now York : Academic Press, Inc., 1949. 68^. 6d. net.) 

Thb recent marked improvement in the quality and quantity of reviews 
covering selected topics in the rapidly-expanding field of carbohydrate 
chemistry is attributable in large meiisure to the advent of this series of 
Advances in CarbohydraU Chemistry, which furnisher both summaries of early 
pioneering studios ami progn^s-rei>ort8 on current investigations. The 
impressive list of contributors to this fourth volume itself affords an ample 
guarantee of the calibre of the articles present ed. 

Two reviews ore devoted to sucrose and its derivatives. One, contributed 
by I. Levi and C. B. Purvos, is a logical survey of the methwls by wliich the 
structure and configuration of this disaccharide have btx^n ascertained. In 
the other, L. F. Wiggins considers the utilisation of sucrose in the light of 
present world production. He foresees the use of sucrose and other oonsti- 
tuenta of the sugar cane as raw materials in the manufacture of such diverse 
commodities as fuels, plastics, drugs, fine chemicals and fertilisers. 

No carbohydrate ohomist con fail to lie fired with the enthusiasm of 
J. K. N. Jones and F. Smith as they unravel the tangled structures of plant 
gums and mucilages, or to appreciate the manner in which II. G. Bray and 
M. Stacey have correlated the stnictiu-es of blood-group polysaccharides 
derived from various sources, but the article by E. L. Harris on Wood Sacchari¬ 
fication is, at times, too technical to maintain the lively interest of the reader. 

Two reactions of wide application in sugar chemi'stry, namely the Wohl 
degradation of aoetylated nitriles of aldoiuc acids and the interaction of 
boric acid with carbohydrattis, arc discussed comprehensively by V. Deulofeu 
and J, Bdesoken, respectively. Those summaries, which include details of 
the mechanisms and limitations of the reactions, should be usefiil reference 
works. 

C. S. Hudson’s ro-intorpretation of early investigations into the nature of 
apiose and the glycosides of the parsley plant offers a somid bt^is for future 
studies in this field. C. Neuborg shows how a wide variety of carbonyl-, 
ethylenic-, and nitro-oompounds can be reduced by yeasts and bacteria at 
the expense of sugars. A useful list of the propiertios of known derivatives 
of the hexitols is given in an article by R. Lohmar and (the late) R. M. Goepp. 

E. J. B. 


The Art and Science of Brewing. By C. A. Kloss, B.Sc., A.R.I.C. 
[Pp. X -f 121, with 8 plates and 9 figures.] (London: Stuart d; 
Richards, 1949. 12s. 6d. net.) 

WxTKiN its textual compass this small book, which joins a very small band 
of larger or more specialised works on brewing, covers in elementary but 
thoroughly enjoyable fashion a considerably wider field than its title might 
at first suggest. Thus, after brief historical and soientific introductions, only 
some 40 pages ore concerned with brewery praotioei the remainder being 
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devoted to discursive chapters on brewing research in various countries, tho 
chemistry of tho subject, some scientists, such as Pasteur and Koch, dis¬ 
tinguished for work having particular significanco for or associated with 
brewing, and other subjects. 

Tho author has compressed with notable skill and consideration a groat 
di'al of information into these pages. Brewing materials, browing plant and 
practice, coopering, Continental systems of malting and brewing generally, 
chemistry, bioehemistry, bacteriology, mycology, all these and many other 
topics are liere blondcxl with sufficient detail to make tho whole interesting 
to the brewer, scientist and layman alike. Tho plates, which are wholly 
devoted to browing, and other illustrations are well chosen and satisfyingly 
informative, and tho text is agreeably free from errors. 

Together with so many good impressions, this book loft only two faintly 
disturbing ones. Firstly one wonders if some of Ihe detail, such as that of 
eighttH*nth-contury ehoinical symbols, might not have btsm omitted to make 
way for further moclorn information of which tho author eleorV possc'ssos 
such a fund; secondly, at various points the author contrives to invest his 
text with a propaganda flavour which it iloos not need. These arc, however, 
only minor features and they necxl not rnor tho pleasure afforded by a book 
which must otherwise have a wmIo appeal. A. H. Cook. 

The Aromatic Diazo-Compoiinds and their Technical Applica¬ 
tions. By K. H. Saunders, M.C., M.A., B.Sc., F.R.I.C. Second 
CKlition. [Fp. xi 442.] (London: Edward Arnold & Co., 1949. 
50s. net.) 

The appearance of a sfM^ond edition of K. H. Saunders’ well-known mono¬ 
graph will bo welcomed by chemists everywhere, for tlio aromatic diazo- 
compoiuids (used by the author in a generic sense) are of immediato practical 
and theoretical interest to almost evoryono engaged in chemical work. The 
first edition mentod high praise both for its wide scope and clear exposition 
of its subject, and the present volume is even better in both of these respects. 
The first edition was published in 1936 and it is an indication of the importance 
of the subject that a volume of double the size is now required to present on 
e^iually concise but up-to-date account. A glance through the present 
volume indicates that advances have been made in the study of every aspect 
of the subject, the preparation of diazo-compounds, their ph 3 mical and 
chemical properties, their analysis and analytical uses. At the same time 
the technical applications of the diazo-compounds havo increased both in 
number and variety, and renewed attention has been given to the theoretical 
aspects of their chemistry. Readers will note with pleasure the ample 
references appended, to each section of the subject, even though tho author 
warns us that the references cannot be complete even in a volume of tbiai6la<>. 

W. Brapley. 

The Analytical Chemistry of Industrial Poisons, Hasards and 
Solvents* By Morris B. Jacobs, Ph.D. Second edition. 
Chemical Analysis Series, Vol. I. []l^. xviii -f 788, with 121 
figures*] (New York and London ; Interscience Fublishors, Inc., 1949. 
96s. net.) 

The first of the interesting series of volumes entitled Gh&fMoal Analysie^ 
published by Intoieoienoe Publishers, was Morris Jacobs’ book 
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Poisons, Hcizards and Solvents, published in 1941. This book set a high 
standard which subsoqtiont publications in the series have boon hard put to 
maintain. It also fulBllod a long-felt want in co-ordinating imder one 
cover tho vast amount of scattered infonriatioii relating to the chemical 
aspects of the newly awakening science of Industrial McMlicine. The success 
of this volume was manifest by the app^irance of tho roprintwl copies and 
now, after nine years, there appears a w'cond edition, which not only makes 
tho vohimo available once more, but also makes frcH?ly available some of tho 
newer methods and ideas on tho subject which have been devolo|)ed during 
the intervening ix3rkMl. 

As in tho main industrial hazar<ls ore from an airborne source, it follows 
that a considerable part of tho book is conoemod with aocumto methods of 
atmosphere sampling and tho devices used for the purjxjse. Tlie apparatus 
descrilxMl in this volume does not difYor materially from that given in the 
pnwious edition, but a luseful addition is tho inclusion of a description of 
electroslatic tlcK'culation and the application of this technique to tho collection 
of dusts from the atmosphere. 

Tho increased use of Impinger Dovic'cs for tho colk'ction of jiarticles of 
very low-sized diameter IxHJornes a]>parent, and tho Toscado Impactor, 
which allows of <liffercntial separation according to particle size, is briefly 
illustrotcd. In general, tho chapter on Dust Estimation has boon mucli 
elaborated. 

Tho bulk of the book is made up of descriptions of possible toxic substanc^^s 
and the methods of analysis used for estimation aftcT sitmpling. As bt*fore, 
this is divided into groups according to chemical composition—thus, metals 
and their compounds and organic substances are clossifled appropriately 
according to structure. In most cases tho physiological activity and tho 
toxicity of tho substance are deacrib<Hl, with a recommended technique for 
sampling and a sclooted method of analysis. This edition has been cnlargotl 
to include under the above groups the inen'osed range of substances, but, in 
general, the older material has been mtained. Tho chapter on Chemical 
Warfare agents listed in the first edition hiis been disjx^nsed with and the 
subject matter thereof has been incorporated under the appropriate group 
headings tliroughout the book. 

It is unfortunate tiliat tho vast amount of knowledge gained from tho 
study of toxic gases which has occurred since tho appearance of the first 
edition could not have been drawn upon, and, because of this, tho value of tho 
book is to some extent minimised. 

R. F. M. 

Materials of Construction : Wood, Plastics, Fabrics. By Ai.bsiit 
G. H. Dietz, Sc.D. [Fp. x -f 347, with 180 figures.] (New York ; 
D. Van Nostrand Co., Inc.; London: Maomillan & Co., Ltd., 19/49. 
14.50 or 33s. 6d. net.) 

Paof. Dietz of the IMbssaohusotts Institute of Technolo|^ has broken new 
ground by including in one volume information on wood, plastics and fabrics, 
and in showing how each can be used on its own or in combination with the 
others. He has written for the gonoral engineer and user rather than for the 
specialist, which, in the plastics field at least, la a welcome innovation. 

Almost two-thirds of tho book is concerned with timber, its supply, funds* 
mental characteriatiosi seasoning, fungal and insect pests, preservation, and 
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strength properties upon which he is an aoknowledged authority. There is 
a lengthy and comprehensive chapter on veneers, plywood, adhesives and 
laminated products, and the author has logically dealt, later on, with what 
in Britain is called Improved Wood concomitantly with laminated plastics 
and vulctuiised fibre. 

The chapter on textile materials is short and makes only brief reference to 
artificial fibres, but that on the Chemistry of Plastics and Resins (prepared 
by W. H. Tonn, Jr.) will prove a valuable aid to those users who take more 
than a more mtelligent interest in their origin and general manufacture. 
Moulds and moulding methods are clearly described and illustrated, and ^'*e 
properties of plastics are adequately covered. Building or fibre h ..rds, 
sandwiches, and composite materials also have a chapter. 

The author gives a brief and clear account of many phenomena usually 
dealt with only in specialised treatises, but a student wishing to go further 
will wish that the bibliographies hod been annotated more fiilly. The book 
has excellent diagrams, many fine photograplis, and the indexing is good, 

R. A. G. Kkiqht. 

The Failure of Metals by Fatigue. Proceedings of a Symposium held 
in the University of Melbourne, December 1946. [Pp. xvi 4- 606, 
with 176 figures.] (Melbourne : Moibourne University Press ; Lon* 
don : Cambridge University Press, 1948. 42s. net.) 

This volume serves to illustrate not only the way in which the fatigue proper¬ 
ties of metals have become increasingly important as high-speed aircraft, 
gas turbines and so on have imposed more exacting requirements, but also 
the rapid growth of Australiari interest and activity in the field of metallurgical 
engineering during recent years. In all, some thirty papers were presented 
at a symposium held in Molboiune in December 1940, and are now reproduced 
together with the ensuing discussions, Australian authors are well repre¬ 
sented, but there are also important contributions from authorities in this 
ooimtry and the U.S.A. As Dr, Gough states in his foreword, “ , . . 
significant additions to our understanding of the basic problems of fatigue 
appear to have been contributed during the war years ...” and it is not 
surprising therefore that the theoretical aspects of the subject are the ones 
lo€ist satisfactorily dealt with in the symposium. However, since the accumu¬ 
lation of authentic data is a necessary preliminary to the development of a 
satisfactory theory, the papers will bo welcomed by those primarily concerned 
With the mechanism of fatigue failure as well as by those whoso interests 
are mainly practical, for descriptions are given of fatigue failures experi* 
enccMi in applications ranging from nuts and bolts to gas ttirbines and from 
aerial telephone wires to railway axles. I>ue consideration is given to such 
factors as design, residual stress, stress concentration, notch sensitivity and 
material composition, which may all play important roles in determining the 
fatigue behaviour of a given component. Methods of measuring the fatigue 
strengths of metals are adequately described, and there are useful papers on 
the detection of fat4gue cracks and on methods of measuring dynamio strain. 

The volume as a whole presents a well-balanced picture of the subject 
and the University of Melbourne is to be congratulated on conceiving the 
Symposium and on carrying it through to such a successful fruition. 

A. Q. QtJABrau.. 
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The Strength of Plastics and Glass. A Study in Timo-Sensitive 
Materials. By R. N. Ha ward, B.A., Fh.D. IPp. viii -f 245, with 16 
plates and 108 figures.] (Londmi: Cloaver-Humo Press Ltd. ; Now 
York! Intersoienoe Publishors, Ino., 1949. 30s. not.) 

Tab idea embodied in the term “ the strength of a material is a com¬ 
paratively simple one, though a consideration of the experimental methods 
of determining a “ strength ” reveals that in most cases the values obtained 
caimot bo related in any simple way to the structure and projxjrtios of the 
material in its original state. This is true oven of an id(‘ally clastic material 
when strained beyond the “ yield point,*^ though the “ yield strength ” of 
such a material is directly rolateil to its original structure, as is also the 
breaking strength if the material is entirely non-ductile. 

It is to bo expected, therefore, that a study of the strengths of plastics 
will reveal many effects which depend on the methods of loading and on the 
time during which the load is applied, since plastics exhibit slow but ultimately 
reversible deformations under variable loads, and also viscous fi<>w, in liddition 
to the insteuitaneous and instantaneoasly reversible deformations character¬ 
istic of ideally elastic materials. 

Dr. Haward has made a valuable and comprehensive survt^y of the experi¬ 
mental data relating to the strength of plastics, including such allied proper¬ 
ties as hardness and brittleness. The | experimental methods and results 
are examined critically and from a fimdamental point of view, in so far as 
such examination is reasonably i)ossible. 

'rhe chapters and sections d<‘aling with glass, also, provide an excellent 
survey of the very oonsidorable study that has boon made of the strength of 
gloss. It is not altogether clear, however, why glass should be dealt with 
along with plastics, in spite of the explanation offercH;! in Chap. I. Apart 
from a “ time-sensitive ” element, the strength properties of glass ai*o sub¬ 
stantially those of an ideally elastic but ncm-ductilo solid, being v('ry similar 
to those of quartz ; and the “ time-sensitivimess ” is very much akin to the 
corrosion fatigue of metals. 

H. M. 

Glass and Glass Manufacture. By Pisrcivat. Mahson. Fourth edition 
revised by L. M. ANGUS-BtJTTERWOHTir. [Pp. x -f 146, with frontis¬ 
piece and 42 figures.] (London : Sir Isaac Pitman & Sons, Ltd., 
1949. 8^. Od. net.) 

To have kept pace with the advances of the past thirty years, each new 
edition of this book shoxild have been largely rewritten rather lhai\ revised. 
The descriptions of pot humocoa, for example, aro obviously from a much 
earlier edition, and tank furnaces are not dealt with adequately by modem 
standards. Only two of the modem Flat Drawn Sheet Glass Processes are 
mentioned, no reference being made to the process mainly used in this coun¬ 
try ; but much space is devoted to the Machine-Drawn Cyliiuler Process 
which was superseded at least fifteen years ago. The chapter on Plato Glass 
is also out of date, and is misleading in that it implies that the Bichoroux 
Process is a significant advance on the Continuous-Flow Process. 

All this may have been due to revision having been necessary instead of 
rewriting, but this does not excuse the inaccuracies in the text. Some of 
these are no more than over-generalisations, but there ore many which are 
defkiitely misleading and erroneous, os, for example, some of the statements 
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conoeming toughened glass (p. 28), and the apparent confusion between light 
scattering (due to inhomogeneity) and chromatic dispersion (p. 111). 

The geographical distribution of the industry (Chap. XIX) refers mainly 
to conditions in 1939 or earlier, but it is startling to find no mention of glass 
manufacture in Great Britain except in an obscure statement compeuing the 
prices of Japanese scientific glassware with British and American prices. 

A book containing much information of interest, and pleasant to road, but 
unfortunately containing much that is out-of-date, not wholly reliable, or 
definitely wrong. 

H. M. 


Petroleum Production. Vol. V: Oil Production by Gas and 
Flooding. By P. J. Jones. [Pp. viii -f 274, with 117 figures.] 
(New York : Reinhold Publishing Corporation ; London : Chapman 
So Hall, Ltd., 1948. 48s. not.) 

This is the fifth and final volume of a series dealing with the theoretical 
principles of petroleum reservoir engineering. Two different problems are 
dealt with in this voliune : the phase relationships of gas-oil mixtures, and 
the amount of gas and oil or water and oil in petroleum reservoirs. 

The separation of oil-gas mixtures at the surface and the vaporisation 
of oil in the reservoir with declining pressure in the reservoir are discussed 
on the basis of pressure^temporature-vulume relationships and equilibrium 
constants, defined as the ratio of the mole fraction of a component in a gas 
phase to the mole fraction of the siune component in the liquid phase. Exten¬ 
sive tables of the variation of equilibrium constants for temperatures of 
40"* F. to 240^ F. and pressures of 15 to 30o5 p.s.i.a. for hydrocarbons up to 
pentemee and heavier are given in an appendix. 

The concept of the relative permeability of a formation to gas and oil, 
and to water and oil, is discussed much more thoroughly tlian in previous 
volumes. Symbols are used freely, but only on elementary knowledge of 
mathematics is necessary to follow the exposition. 

An interesting treatment is given of the cumulative oil recovery, ..he 
ultimate recovery, and the point of gas breakthrough in a gas injection field. 
This treatment is applied to the production of oil by gas injection, from two 
h3q}othetioal radial reservoirs with gas-cap and edge-water, and one hypo¬ 
thetical linear reservoir. 

The problem of oil recovery by water fiooding is dealt with in detail, with 
emphasis on tlio peroentage of oil that is recoverable under various conditions. 
A basis is given for calculations on the economics of oil flooding. 

The main criticisms of this volume, as with previous volumes of the 
series, is that formulss are quoted and results worked out but no indication is 
given of their probable accuracy in practice. No supporting laboratory 
results or field performanoe data are given in the text. Nevertheless, the 
treatment is very suggestive. In particular, the problem of ultimate recovery 
of oil lias not yet been solved in a satisfactory fashion, and if the formulas 
developed here are oonfinned in practice, this would be an important step 
forward in reservoir engineering. 

The volume is not to be recommended for the general reader, but the 
speoialist in petroleum engineering will find the treatment useful and stimu¬ 
lating, providing he interprets the text in the light of his field experience. 

Ben Noble. 
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Amerioan Chemical Industry. Vol.Vl: The Chemical Companies. 

Edited by Williams Haynbs. [Pp. viii 4- 669.] (New York : D. 

Van Nostrand Co., Inc. ; London: Macimillon & Co., Ltd., 1949. 

$10.00 or 76«. net.) 

This publication is Vol. VI of a 8<'rie« d(*aliiig with the American Chemical 
Industry. The previous volumes have dealt with the industry in time 
periods. Within this framework it was necessary to trace the development 
of the industry by studying various related groups of chemicals ; in some 
cases the products wore related chemically, as for example in the chapters 
dotiling with acids, alkalis and coal tar products ; in others a clossidcation 
based on use was adopted, for oxamplo in the ease of fertilisers and insecticides, 
and synthetic resins and plastics. Since most chemical undertakings manu- 
fact\xre products in many diverse fields, this treatment gave only a scattered 
and incomplete idea of the history and development of any jmrticulttr com¬ 
pany. To rcKjtify this the present volume has Ix^n published, dealing with 
the individual histories of 219 companies up to 1948. Each company appar¬ 
ently submittotl the <lraft of its own history. Tht^e have been edited to 
obtain some uniformity os regards length, stylo and cf)ntent. The editor in 
a foreword states that, while in the process of editing some of the life and 
glamour may have disappeared from the histories, the essential facts have 
been scrupulously ijroserved and have in the main gaine<l in precision and 
clarity. Each company is dealt with in strict alphalx^tieal order. The 
stories deal not only with the teclmical dt)velopmont8 and achievements of 
th(a companies, but also with many of the letiding personalities who have 
Bhai>tHi their destinies. They, therefore, form a valuable and fascinating 
contribution to the history of the groat American Chemical Industry. The 
volume has good name and products indexes and shrmld find a place as 
a useful book of reference on the bookshelves of anyone interested in Anxerican 
chemical production. 

J. D. P. 


GEOLOGY AND GEOGRAPHY 

Principles of Structural Geology. By C. M. Nevin. Fourth edition. 
[Pp. xiv -f 410, with 260 figmres, 7 platc's in pocket.] (New York : 
John Wiley & Sons, Inc.; London : Chapman & Hall, Ltd., 1949. 
4Hs. net.) 

The second edition of this work was reviewed in Science Progress, 31, 
1936-37, p. 767. In this eilition the text has been revised and oxpande<l, 
and the numerous oxcxillent illtistrations have been increased to cover the 
additions to the text. In response to many requests, a new chapter has 
been added on “ Laboratory Exercises,” which deals with the solution of 
problems that arise in the field and in the preparation of reports and maps. 
Graphic methods are used, including the sU^reographic not; and these are 
illustrated with many text-figures and seven large folding maps strapped to 
the back cover. This section strikes tho reviewer as one of the best on this 
exacting subject that he has over seen. 

The general lay-out of the book follows logically from chapters on stress 
and strain in rocks and on their physical properties, through chapters on 
various typos of rook deformation—flexures, faults, jointing, cleavage—^to 
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chapters on structures associated with igneous intrusion, structures in unoon* 
solidated sodunonta, and the topographic effects of rock structures. The 
book reaches its climeuc with throe chapters on ** Some Facts, Inferences and 
Hypothost^s regarding the Earth,” (density, isostasy, earthquakes, tempers'* 
ture-gradient, shrinkage, compression, etc.), ” Continents and Ocean Basins,” 
and ” Mountain Systems,” including the relations between orogeny and 
epeirogeny. 

These throe chapters are admirably done. The reviewer feels tliat not 
only the ” beginning ” students, for whom the book appears to have been 
written, but those more advanced in the subject, will find the study of theso 
chapters most rowardmg. Excellent selections of reading references are 
given at the ends of the chapters which are probably more suitable for 
advanced rather than first-year students, as is implied in the Preface. 

The style of writing is clear, and as simple and balanced as the subject 
allows. The book is beautifully printed and produced on good paper. The 
reviewer has found little to take exception to as regards its factual content. 
On p. 276 it is stated that the Azores and Ascension I are composed of a more 
acid typo of rook tlian basalt. As a matter of fact they are both largely 
composed of olivine-basalt and the trachytes, etc., foimd in them arc mainly 
in small domes. On p. 275 ” expected ” is written for ” excepted,” and on 
p. 312 ” Ordovician ” is misspelled. 

G. W. T. 


The Geology of the British Empire. By (the late) F. R. C. Rebd, 
Sc.D., F.G.S. Second edition. [Pp. x + 764, with 26 figures, includ¬ 
ing 16 foldmg maps.] (London : Edward Arnold & Co., 1949. 70s. 
net.) 

The first edition of this work was publi8h<Hi as far back as 1921. Since then 
there has been an enormous inorooso in tho amount of geological work done in 
all parts of tho British Empin^ (which term incorrectly includes the groat 
Dominions). Dr. Cowper Reed had only just completed the revision r f this 
work wlien he imfortunaU)ly died ; and in compliance with his wish tho (late) 
Sir Edwin Pascoe luidertook to sec the book through the press. In a Note 
dated De^mber 1947 appended to Dr. Rood’s preface Sir Edwin stated that 
he mado no attempt to bring tho text immo^atoly up to date, and only 
ventured on a few minor corroctiors. In his Preface to this edition Dr. Reed 
stated that he had revised and rearranged much of tho matter, and had 
enriched it by personal visits to India, South Africa, Cyprus, Palestine, etc. 
The death of both Dr. Reed and Sir Edwin Pascoe no doubt accounts for tho 
omission of some important recent work. 

The book is admittedly a compilation, but as many of its sources lie 
buried in the less accessible colonial scientific journals and Ck>vemment 
publications it has almost the value of an original work. It is especially 
useful for the geology of the minor dependencies of the Empire. The geology 
of tho groat Dominions is more or loss covered by easily aocessible regional 
treatises. 

The method employed is to deal separately with each political unit regard¬ 
less of its size, describing its physical oharooters, general geology, struotiiial 
relations and economic minerals, but relegating tho stratigraphical details to 
smaller type. A huge list of literature follows each section; thus the one on 
Canada and Newfoundland has no fewer than 687 items I This, in iteelf, is 
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a most valuable feature of the book. Another valuable part is the set of 
folding maps which appear to be original oomplations by Dr. Reed. 

This second edition of a standard work will be resorted to for its informa¬ 
tion, references and maps by all geologists interested in the geology of the 
British Commonwealth, Colonies and Dependencies. It must be fundamental 
for the work of the Colonial geological surveys. 

G. W. T. 


Physical Geography. By Philip Lakh. Second edition, revised and 
enlarged by J. A. Stkbrs, G. Manlkv and W. V. Lewis, under the 
eoUtorship of J. A. Steers. [Pp. xxviii -f 410, with frontispiece, 
24 plates, 204 figures and 7 maps.] (Cambridge : at the University 
Press, 1949. 16^.) 

The revising authors and publishers are to b(^ congratulated on this now 
edition of what the authors in the preface correctly refer to as a perpetual 
standard textbook. 

The book is well produced, a joy to handle, e8|)ecially when the modest 
(by present-day standards) cost of fifteen shillings is borne in mind. 

The authors have not taken upon themselves an easy task. To revise 
a work so well known is to open the doors to criticism from all. They have 
been successful in their task ami can have displeased but very few. 

The chapter headings will bo familiar to those generations of geographers 
who were nurtured on the old Lake. But new chapters have been added 
where new materia), now within the scope of Sixth Form and first-year univer¬ 
sity students, has passed from periodical to textbook status, c.g. Part I, 
Chapter I, in which Air Mass and Frontal Meteorology is covered. 

The other chapters aro deceptive; they contain a very large proportion 
of tho familiar material, but have boon considerably expanded by the inclu¬ 
sion of modem theory and further illustration, e,g. Part III, Chapter IV, 
Shorelines, which has boon expandcnl to over twice its original size. This is 
of course in direct response to the work of two of the revising authors in the 
past twenty 3 rears. 

The illustrations, whore new, are clear and well executed. (The hachuring 
does not give a correct piotTire of the form of the ground south of the Dovey 
in Pig. 130. The spit takes off from the foot of tho cliff which is the sole 
break of slope at this point.) The photographs are n^freshing, particularly 
the cloud typos. 

Mistakes ore few and minor in character: on p. 19 AB should read AE 
as it does in the first edition. It is regretted that the names of the projections 
used were not either listed or, better still, given on those maps which require 
it. The omission of the name Goodes Horaolographic on the oceanographical 
distribution maps is all tho more regrettable as it appears on the maps from 
which those were taken. A word of explanation regarding its slope would 
not have been out of place in a textbook of physical geography. 

Tho new Lake is essential for all who would aspire to Geographical know¬ 
ledge beyond the School Certificate stage. 

E. H. B. 


oo 
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BOTANY AND AGRICULTURE 

An Introduction to Botany. By J. H. Pbibstuoy* D.S.O., B.So., F.L,S*» 
and Lorna I. Scott, M.Sc., F.L.S'. Second edition. [Pp, xii 4- 
With 170 fignros.] (London, New York, Toronto : Longmans, Green 
& Co., 1949. 21^. not.) 

Tbe appearance of this second edition will be welcomed by many teachers 
who, having used the original edition, wdl know that it is a useful and atimu- 
latiug textbook. The contents, which form the basis of the first-year course 
at Leeds, ore unusual in their scope and will probably not correspond at all 
closely with the comiios given in other universities. The factual content is 
mainly confined to the Flowering Plants, but a few lower plants ore described 
as an introduction to the reproduction of the former. Any serious student is, 
however, bound to benefit from the method of presentation ; from the insist¬ 
ence on an understanding of the tluree-diinensional nature of plant structures ; 
and from the interpretation of form and structure on the basis of development. 

Causal explanations are frequently given which go beyond the ascertained 
facts but, as the Preface says, “ No connected story can bo written of the 
plant without connecting-lii^ woven of speculative material.” This view¬ 
point is dofonsibio and a good student will gain from it if ho is stimulated to 
confirm, or deny, the validity of the speculation. There is, however, a con¬ 
siderable danger that students will accept the speculations as facts, since the 
distinction is not always clear. 

The new edition shows ovidenco of careful revision. An important, and 
useful, change has boim made in the nomenclature of the vascular tissues of 
the stem, the use of the terms protoxylem, metaxylem and secondary xylem 
now being brought into line with the more classical usage of the terms. 
Greater precision is given to the account of apical structure by the intro¬ 
duction of the terms eu-meristem and vacuolating meristem. Changes, 
mainly in the form of a^lditions, have been mode in the chapters on physiology. 
The enzyme systems involved in respiration are now more fully dealt with; 
so, too, are the growth substances, although the treatment of these is still 
rather slight. 

The line drawings are excellent, but it is imfortunate tliat their repro- 
dui'tion by photolithography has resulted in some loss of quality as compared 
with the original edition. The photomicrographs are also good, although it 
may be doubted whether such illustrations as Figs. 94 and 95 will mean much 
to a student until ho has himself observed similar preparations. 

Finally ono may say that all botanists will share Miss Scott*s regret that 
the late Prof. Priestley was not able to share in the revision of this outstanding 
textbook. S. W. 

An Introduction to Plant Bioohezniatry. By Cathjoeinb Cassbie 
Stbblb, M.A., B.So., Ph.D. Second edition. [Pp. viii 4- 846, with 
12 figures.] (London ; G. Bell A Sons, Ltd., 1949. 22s. 6d. net.) 

Britisb chemists liave made notable contributions to our knowledge of 
plant products, whilst the investigations of Baker and Smith in Australia and 
of Gibbs m Canada have indicated how such knowledge may xirove of value 
to taxonomists. In plant physiology many questions still require answers, 
and if the botanist is to supply those he will require an adequate knowledge of 
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plant bioohemiatry. This requirement was roaJisod by Dr. Stoelo in 1934 
when the first edition of her book appeared. Few wore better qualified than 
Dr. Steele, both as a teacher and as an original investigator, to prepare a suit¬ 
able text* A now and revised edition of her book has now been published 
which has all the merits of the first edition whilst incorporating much new 
work. The fina^ section of the Ixiok <lealing with the chffioult problems of 
plant metabolism is of exceptional value. Students of botany can devote 
compcuratively little time to the study of chemistry, and Dr. Steele has in¬ 
cluded a munber of simple experiments. Those are well chosen, but the 
reviewer is doubtful if they add to the value of the book. This can be strongly 
recommended, not only to students of botany, but also to honours students in 
chemistry, who will find thereiTi much that is not readily available elsewhere. 
The book is well produced and the price reasonable. J. L. S. 

Introgrossive Hybridisation. By Eduau Andersom. [Pp. x + 109, 
with 23 figures.] (New York : John Wiley & Sons, Inc. ; London ! 
Chapman & Hall, Ltd., 1949. 24^r. not.) 

Hybridisation between local races of a s^xHiies, between species themselves, 
or even between genera could be of importance in three ways. New rades or 
species may arise by polyploidy of sterile hybrids ; typos may segregate out 
of fertile hybrids which are edapted to some hitherto uncolonisod, and perhaps 
new, habitat; and genes may be transferred from one typo to another without 
any obviously new typo arising. Polyploidy following hybridisation is known 
to be of importanco in plants, but successful new types soom soldoin to 
originato by segregation after wide hybridisation. 

The third possibility of gene transfer by “ introgressivo hybridisation ** 
has hitherto received less attention. Dr, Anderson now discusses it from 
both the geuetical and the ecological standpoints. Genetically ho shows 
that the chromosome mechanism must lead to a strong tendency for indi¬ 
viduals in the later gonorations after hybridisation to revert to the jMirental 
types, though often with a few gene differoncas from the parents. The ntsed 
for ecological adaptation must encourage this tendency. In fact, obviously 
hybrid derivatives may bo expected to survive only wheni there has been 
a great disturbance of habitat, as for example where man has recently been 
actively engaged in clearing operations. In the absence of such “ hybrid¬ 
isation of the habitat,’* as Anderson calls it, reversion to parental form must 
bo greatly 8X)eeded by tho ecological selection. Yet oven if only a few genes 
ore transferred from one parent to the other in the process, introgression may 
well constitute a greater souroo of new variation than mutation within the 
parental typo itself. Introgression may therefore bo of great evolutionary 
importance. 

Tho technical methods of establishing and analysing tho occurronee of 
introgressivo hybridisation are not forgotten. Indeed, Anderson shows how 
the characters of the second parent may be inferred from variation in tho 
type into which introgression is occurring. These methods are perhaps at 
present a little crude, but refinement can be confidently expected os investi¬ 
gation proceeds. 

Dr, Anderson has made out a case for tho occurrence of introgression. He 
himself concludes by raising the question of how important it is. This is 
clearly a question meriting the wider attention which IrUrogresswe Hybrid* 
isaUoH will go far to secure. This book is one which should be read by ail 
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interested in evolution and the properties of wild populations. It must 
have its interest, too, for plant breeders, as the author shows. And finally, 
though written by a botanist and illustrated entirely by reference to plants, 
it should be no more overlooked by the student of animal populations and 
evolution than by the student of plants. 

«K. Mathbr. 

^bhamioal Activities of Fungi. By Jackson W. Foster. [Pp, xvUi + 
648, with 35 figures.] (New York: Academic Press, Inc., 1940. 
71s. 6d. net.) 

The author of this book claims that it is written as ** a text for college courses 
at the upperclass or graduate level.** It is in fact entirely unsuitable for 
students who have not yet developed a highly critical f6iculty and who have 
not yet acquired a good working knowledge of the original literature, for it 
aboimds in factual errors and gives only a one-sided account of the subject. 
The title is misleading, for there is no consideration of the biochemistry of the 
highor fungi, in spite of the fact that there is an extensive litorature on the 
subject. A chapter on ** Chemical nature of the mold mycelium ** omits all 
reference to pigments, though these may accumulate to the extent of 30 per 
cent, of the dry weight of the mycelium. In “ The methodology of mold 
metabolism ” the author claims that the only way to study the a^ivities of 
moulds is to grow them in submerged culture with forced aeration, that is, 
under conditions far removed from any under which moulds normally grow. 
Eight of the nineteen chapters discuss the production of alcohol and the simple 
acids, most of the space being given to setting out the various theories, often 
contradictory, of the mechanism of formation, whilst scores of other interesting 
products of fungal metabolism are almost completely ignored. A chapter of 
30 pages on Penicillin was surely unnecessary in view of the numerous existing 
pubhoations on this topic, p^icularly as other antibiotics are entirely 
neglected. The book will be of use chiefly to research workers, who will find 
value in the lists of references to branches of the subject other than their own. 

The author*s stylo is prolix in tlie extreme. Ho could easily have com¬ 
pressed his material mto half the space or, alternatively, could have attempted 
to justify his title. 

The format of the book is good and few misprints have been noticed. 

G. S. 


The fiiEtory of Sugar. Vols. I and II. By Noel Deerr, F.C.G.I., 
F.R.I.O. [Pp. xiv + 636, with 31 plates, 48 figures and 8 maps.] 
(London : Chapman A Hall, Ltd., 1949-50. Vol. 1, 50s. net; Vol. 11, 
55s. net.) 

For the greater part of tliis century Noel Deerr has come to be regarded as 
the ultimate authority on all matters pertaining to sugar. The work under 
review is obviously the result of indefatigable research and investigation, and 
one of its most valuable features is the list of references that appears at the 
conclusion of each chapter. 

The first chapter of Vol. I gives a list of sacchariferous plants and their 
distribution, and the next is devoted to honey and its history and development 
from prehistoric times. The whole of the remainder of the volume deals with 
the sugar cane and its products* 

The author discusses the original home of the sugar cane and gives a 
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faeoinating account of its spread to all parts of the tropical and sub-tropical 
regions. As he points out, the reason why sugar cane is considered to be 
indigenous to the South Pacific is based not only on legendcuy history, but 
also on scientific investigation. For example, in this region, cane is infested 
by a certain beetle borer, but this in its turn is controlled by a tachnid fly 
parasite~H9Uch a tripartite association indicates the lapse of thousands of 
years. 

An account is given of the arrival of the sugar cane in India from its native 
home, cmd how, later, it spread all over the world. Evidence is produced to 
prove that there was no sugar cano in tho Western Hemisphere before the 
arrival of Columbus, who brought plants from Europe on his second voyage in 
1493, and planted them at Isabella, on the north coast of Hispaniola. 

A chapter is devoted to the history of cano in the various sugar-producing 
regions, and it is interesting to note that the general pattern of development 
in the industry in tho various regions is much tho same. In the early days 
one particular variety, such as the otaheite cane, would hold tho field for 
a period of many years. A particular disease or pest would then appear and 
compel tho grower to look round for new varieties. For long Saccharum 
officinarum was considered to bo infertile, but, when investigators in Barbados 
and in Java proved that this was not so, tho way was open to tho breeding 
of new varieties to meet the needs of miy now situation that should arise. 
Nowadays, new seedlings ore continually n^placing old, and, because of their 
disease rosistanoe, higher sugar content and hardiness are giving largely 
inevemod yields per acre. 

Tho industry has always boon subjc'ct to periods of economic prosjKjrity or 
depression, and those have led indirectly to many improvements in cultivation 
methods, such as mechanisation, which has reached an advanced state in tho 
West Indies, the use of fertilisers, the centralising of factory production, and 
continued technical improvomonts in tho manufacture of sugar. 

Mr. Deerr deals historically with the impact of cane on tho economy of 
the different areas it entered. Long tables of figures bianmarise tho sugar 
production over the centuries ; the Jamaica figitres, for example, cover tho 
period 1697-1946, and Barbados 1698-1946. 

8o far as the English Colonies in the West are concerned, tho author 
regards Barbados as tho founder of tho sugar industry. Apart from those 
Colonies, there ore chapters on the sugar-cane industry treated from the 
historiced angle of many other countries, such as India, China, Greece, Egypt, 
the United States, and the Colonies of other Euro{)ean Powers. 

The second volume opens with a prolonged description of tho origin and 
development of the slavery movement, and particularly as it was concerned 
with the development of the sugar industry. From time immemorial slavery 
had been recognised as a normal state in human society, and it must bo 
remembered that abolition only occurred a little over one hundred years ago. 
With the rapid development of the sugar industry in the fourteenth to six¬ 
teenth centuries, it was understandable that resort should have been made 
to the importation of slave labour. West Africa was tho chief source of 
supply for tho Western Hemisphere, although it is interesting to note that 
some slaves from East Africa were also recruited for the sugar plantations of 
Maiuitius. In the early da 3 r 8 the loss of slaves during the notorious Middle 
Passage was heavy, but later became much loss, falling to 4 per cent. The 
author estimates the total number of slaves recruited from West Africa during 
the period of some four hundred years es about thirteen and a half miUion, 
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The chapters devoted to the rise and fall of the slave trade and the mana^^ 
meat of sugar plantations during this period make fasoinating reading and 
enable us to got a fair picture of the conditions of life at that time. 

After the close of the Napoleonic Wars sugar reached the fantastic price of 
97^. per cwt.» but a rapid fall thon set in to a minimum of 23a. in 1931. This, 
combined with the emancipation of the slaves, led to hard times, and many 
sugar estates became bankrupt. This period is discussed in the chapter 
entitled ** The English Colonies after Emancipation.’* Subsequent chapters 
deal with the efforts made to cope with these difficulties by means of free 
immigrant labour and later by moans of indentured Asiatic labour. 

Mr. Deerr mentions the stimulus afforded to beet sugar production in 
France during the Napoleonic Wars, when the country was blockaded and 
could not import cane sugar. Later, as we know, beet sugar under the 
Bounty system became a serious competitor. Further chapters are devoted 
to the boet*Bugar industry, and to the sugar duties in England, and to the 
Bounty system. The effect of the Bounty system whereby beet sugar could 
be sold at less than the cost of production had, of course, a severe impact on 
the sugar-oano plantations, and brought that industry to the verge of ruin, 
om which it has taken a long time to make a full recovery. It is nevertheless 
interesting to note that sugar cane still provides more of the world’s sugar, 
for in 1939-40, 67 per cent, came from this source, and all other sources, of 
which the beet plant was by far the greatest, made up the remainder. 

A chapter is devoted also to minor sources of sugar, of which the Maple 
sugar industry of Canada and the brown sugar made from the sap of the 
Borasaus Palm m eouthem India are the most important. 

A full discussion of the prices and values of sugar during the historical 
period follows and a final chapter is devoted to the technological side. An all 
too brief accoimt is given of the primitive methods of extraction and the 
gradual evolution to the elaborate processes in use at the modem factory. 

Both volumes are profusely illustrated, and there are many reproductions 
of old woodcuts and portraits, which add greatly to the interest and histonoal 
value. A comprehensive index is included at the end of Vol. n. 

The amount of research eixid of knowledge that has been incorporated 
into this work is very obvious and shows the versatility of the author and his 
great interest in the subject. His History of Sugar is assured of a place in 
any library. 

G. B. 


The Coming Age of Wood. By Egon Gucsinobr. [Pp. xvi 4- 279, 
with 13 illustrations.] (London: Seeker & Warburg, in association 
with Sigma Books, 1950. 12s. 6<l. net.) ^ 

During the last ten years so much lias been heard in Britain of the world’s 
timber shortage that it is a pleasant stuprise to discover an author who takes 
an optimistic view of the future of wood. 

While the author lays no claim to a specialist knowledge of wood, his work 
for many years has brought him into intimate contact with this important 
commodity, particularly as concerns its political and economic aspects, and 
he is probably in a better position than the technologist to write extensively 
on the subject. 

Dr. Qlesinger foresees an enormous future for timber, not so much as 
timber but as the raw material for food^ foeli plastics, textilea and ohemioals. 
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He sees a time when so valtiable a product will not be wastefully exploited, 
when sawdust and other presont-day waste will be as valuable as the rest of • 
the tree trunk, a time when the whole of the tree will be put to use. Then, 
given a sane world economy, it should be possible to produce trees enough to 
supply the needs of the human race in many directions and that, continuously, 
year after year. 

Althoxigh many of tho developments which the author envisages ore not 
likely to materialise in tho near future, it is difficult not to believe that his 
optimism is justified. His figures will probably Ix) accepted with reserve— 
we have learnt in tho last few years how much reliance to place on official 
figures and statist ica—^but tho present and potential uses of cellulose are lafgo 
and cellulose constitutes about 60 per cent of tho wood substance, while 
developments in the utilisation of lignin, whicli forms some 26 per cent of the 
woody material, may be oxjxHJtiMl in the near futurt\ Such developments, 
however, presuppose eonsiderabh^ advances in our knowledge of chemistry 
and, simultaneously with this increase of knowledge, man may loam to 
imitate the chemistry of the living tree and to produce the substances which 
he needs—sugars, cellulose and the like—from water, carbon dioxide and 
other chemicals, as the tree has been doing for ages past. If this feat is 
accomplished, trees itmy still bo required os a source of woo<i for joinery and 
constructional work, or perhaps by then tho use of wood as a structural 
material will bo obsolete and trees will remain, where thort^ is room, merely to 
satisfy our fiesthetic sense. p. W. J. 

Soils: Their Origin, Constitution and Classification. By G. W. 
Robinson, O.B.E., Sc.D., F.R.S, Third edition. [Pp. xxii -f 673, 
with 9 plates and 22 figures.] (London : Tboinas Murby & Co., 
1019. 32^. net.) 

Not every author of a successful scientific book luvs been able to mei^t tho 
demands for new editions as tho years go by without appreciable change lu 
tho charaotor of tho work and without increase to a size not contemplaUxi at 
the outset. So far, however, Prof. Robinson has maintained the original 
charaotor of his book and yot, without undue increase in sizes has made real 
and important revisions that abundantly justify this new (edition. 

At the outset it was the author’s endeavoiu* to deal with soil formation and 
soil material and the properties of soil profiles in such a way as to present his 
own conception of the subject of Pixiology and its problems. 'Diis object is 
still achieved, and one can only hope that tho rather vague suggestion in the 
Preface of this now edition that at some futures time tho book may have to 
be divided into two volumes will not vitiate its original character, which is so 
for kept splendidly intact. 

The original chapter on Podogcnic Processes has become two chapters, 
with much more about Profile Development. There are a few small, but 
very important, additional paragraphs on tho pH of soil and these should be 
read by everyone who inclines to think of the pH of a soil as a real and absolute 
property. Structure receives some additions and the Soil Su^oy Chapter has 
a brief but useful section on Land Classification, introducing the important 
work of Dudley Stamp. 

At other points too the book is well revised, and this edition should greatly 
enhance the usefulness of a book long established as invaluable to students, 
teachers and resoaroh workers, N, M. C, 
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^ Biology and its Relation to Mankind. By A. M. Wxnohestbb, Ph.D. ^ 
[Pp. xii -h 777, with 382 figures.] (New York ; D. van Nostrand Co., 
Ino.; London : Macmillan A Ck>. Ltd., 1949. $5.25 or 27s. net.) 

This is a textbook of Biology for first-year students in Colleges and Univer¬ 
sities of the United States and Canada. As its title suggests, it is written 
with special reference to the relation of Biology to Mankind. 

The treatment is imusual. The first section of the book is a survey of 
some of the basic principles that iinderlie all biological considerations, the 
first chapter including a consideration of scientific method. This valuable 
introduction is followed by a survey of tl^ plant kingdom, with slightly more 
detailed work on the higher plant. Then the animal kingdom is reviewed, 
leading to much more detailed treatment of the biology of Man. Chapters 
are devoted to important divisions of biology—^microbiology, heredity and 
evolution—^while the book ends with an account of the work of some of the 
founders of Biology. 

Tlie book is most readable, and throughout difficult concepts are explained 
by everyday examples. Definitions are clear and simple ; new terms are 
given in black typo—^but there is not too much of this. Diagrams are excel¬ 
lent, large and well labelled. The large number of excellent photographs 
enhance the value of the book. 

While the book is not suitable as a textbook for candidates preparing for 
Higher Certificate and those taking a first-year course at British Universities, 
it is one which should be in every Sixth Form and Training College library. 
It will also bo usofid to the teacher of General Science and to the layman who 
needs a fascinating introduction to Biology, for it presents a broad survey of 
the field of Biology in a way which should encourage and stimulate the reader 
to further work. 

A few teleological statements are made. The formaldoh 3 ^e hypothesis 
is accepted as explaining the way sugar is formed in the green plant, and the 
method of spore dispersal in the Fern is not in keeping with the results of 
observation, but for a book of this size errors seem to be few. 

J. H. Phisasakt. 

Fichea d'Identification du Zooplanoton. Publi6es sous la direction de 
M. le Dr. P. Jesfetlsen et M. F. S. Kussbll. Conseil Permanent 
International pour TExploration de la Mer. [Sheets 1-17.] (Copen¬ 
hagen : Andr. Fred. Host A Fils, 1949. Kr. 10.-.) 

This collection of loose folded sheets, in a card cover, is the fimt-firuit of a 
recommendation by the Plankton Committee of the Conseil Jnismationctl. 
In the words of the Prefatory Note: ** These sheets are not intended to be 
short cuts to identifications, but they are to prevent unnecessary waste of 
time €md ]X)ssible introduction of errors by plankton workers ^ho cannot 
be specialists in every group.” 

Each sheet has been prepared by an expert in the group concerned, but 
a very satisfactory degree of uniformity has been obtained. Thus, although 
the language used is sometimes English, •sometimes Qennan, the extremely 
practical keys to identification are illustrated by uniform line drawings which 
bring out admirably the salient features of structure upon which the key 
depends. As well as the key there is a mass of usefhl data on each sheet t 
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there are tables of the distribution of the various forms in the North-West 
Atlantic (to which the work is conhned) and a bibliography of reliable refer¬ 
ences on structure and systematics, and of select references on general biology. 

The coverage of each sheet is, of course, detertninod by the variety of 
forms to bo oiassifled. Thus in the present 17 shoots the Chsetognatha, 
Olculocora and Appendiculoria are completely covered in one sheet each. 
Two sheets are devoted to the Thaliacea: one to the Salps, one to the Doliolida. 
The Ostracoda are also completely coverod, and the remainder deal in part 
with the HydromedusflB, Pteropoda and Copopoda. ' 

The v^lue of this work to marine biologists needs no emphasis, but it will 
also bo of groat help to those general zoologists who make use of plankton 
samples as means of familiarising themselves with the variety of marine life 
and the principles of practical systematics. It is to be hoped that the series 
will soon be completed, for the sheets in their present condition will not long 
survive the rough usage of the laboratory, and librarians and others will wish 
as soon as possible to havo them boimd or protected in some other way. 

W. H. 

The Story ol Animal Life. By Maurice Burton, D.Sc. With special 
articles contributed by Zoologists of various countries. Vol. I: The 
Framework ol Animal Life; Invertebrates . Vol. II: 
Vertebrates. [Vol. I: pp. xii 4- 381 ; Vol. II; pp. viii -f 423 ; 
with over 1000 illustrations.] (London: Elsevier Publishing Co., 
Ltd., 1949. 63s. the sot.) 

These two volumes form by far the best picture-book of the animal kingdom 
that has appeared in recent years. The illustrations are all from photographs 
excellently reproduced on good-quality glossy paper, a few of thorn in colour. 
The many photographers who have contributed their work are evidently 
experts, for the majority of the pictures are of living animals admirably 
illustrating their natural habit, and often showing specially interesting features 
of their behaviour captured by extreme skill and patience. The typography 
and design of the book are admirable, and it is remarkably from errors of 
the press since, more shame to us, it was set up and printed in the Netherlands. 

The text illustrated by the pictures consists first of a series of general 
chapters on topics such as The Origin of Life ” and The Background of 
Life.’* In these the reader is gently introduced to modem views in fields such 
as that of the relation between living and non-living matter, and that of the 
inter-relations of animals with ewsh other and their environment in natural 
/lopulations. The rest of the volumes then deals systematically with the 
^knimal kingdom, in an evolutionary progression. Any possible monotony 
in this style of treatment is dispelled by the ingenious insertion of short 
articles by specialists, dealing with some particular feature of interest in an 
animal or group of animals. 1*hus we find, for example, at appropriate points, 
articles such as these : Swinton on “ Living Fossils,” Ommanney on ” Coral 
Reefs,” Manton on “ Peripaiua,** Carpenter on “ Protective Colouration in 
Insects,” Bertin on ” Fish Migration,” Nissen on ” Tho Psychology of Apes.” 
The quality and accuracy of tho work indicated by the names of these authors 
is fully maintained in the general text, fo^ which Dr. Burton is chiefly 
responsible. 

To browse through this work should give pleasure to any reasonable human 
being. Children will be delighted with the pictures, though the text in places 
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may make heavy going—^but does this really matter ? A parent without 
zoologioal training who shrinks from the prospect of explaining some of the 
passages should remember that children delight in the magic of xmfamiliar 
words; Maggie Tulliver, aged nine, loved to read Qoldsxnith’s Antmoted 
Nature, and how much lighter is Burton’s prose I 

This is definitely a book for personal possession; there is too much in 
the text and pictures for absorption at one sitting, and it will be consulted 
rather in the armchair than in the library. 

W. H. 

The Oxford Junior Encyclopssdia, Vol. II: Natural History* 

Volume Editor, Dr. M. Burton. [Pp. xvi -f 480, with 8 coloured 
plates, 376 photographs and many figures.] (London: Oxford 
University Press, 1949. 30s. net.) 

This volume was sent to mo to review. I have done more, I have used it for 
roforenoe and so speak with conviction when X pronounce it to be excellent. 
If the other volumes come up to the standard of this, the second of the series 
of twelve, the enoyclopfiedia should be available in every library. 

The arrangement is unusual, for each volume will deal with one subject 
group, and the alphabetical arrangement (from A to Z) makes the volume inde« 
pendent. This seems a most effective treatment and enhances the attraction 
of the work. 

Natural History is such a wide subject that a single volume is boimd to 
have its limitations, but it is obvious tlmt very groat care and skill have been 
devoted to the selection and compression of the material. As siatcMl in the 
preface, the decision to insert or omit has been arbitrary and personal prefer¬ 
ences are bound to query the wisdom of some decisions ; for example, I should 
have liked to soo references to the work of Darwin and Mendel, if only as 
cross-references to the volume on Great Lives, 

The avowed aim in the production of this encyolopiedia, that it should 
train children to use books of reference, has been carried out so successfully 
that no school library should fail to grasp the opportunity thus afforded. 
Let me add that this does not moan that its use should bo confined to school 
libraries, for no grown-up need be ashamed io bo seen timiing to its pages 
for reference. 

One or two details require revision and I feel that some of the lavish 
display of photographs could bo hotter pnxluced. Perhaps this may be 
possible when a second edition is called for, a form of appreciation which is 
richly merited, for both authors and publishers are to be congratulated on 
such a notable production. 

J. E. Eobibrts. 

PHYSIOLOGY, BIOCHEMISTRY AND MEDICINE 

How Your Body Works. By Qboftrxy H. Bournk, D.So. (Western 
Australia), D.Phil. (Oxford), t^p. xvi + 228, with 16 plates and 
91 figures.] (London; Sigma Books, Ltd., 1949. 12s. 6ci, net.) 

An increasing number of books on Elementary Physiology have recently 
been published* This, it is to be hoped, signifies the wider recognition of 
physiology as on important subject for primary and modem schools. 

Dr. Bourne’s book» whilst giving a simple and generally adequate aooount 



REVIWS 


687 


of the ftinotionB of the human body, hae an attractive and useful feature in its 
historical approach to the subject* He shows its progress from very ancient 
times, when for the study of the body observation and speculation were its 
main tools, to the present, when the addition of the experimental method has 
resulted in advances of knowledge which may rightly be described as spec* 
tacular. This historical approach serves the author well in some of the 
sections, particularly thoso relating to the blood, circulation and respiration. 
As, however, the sixe of the book, in spite of the now material added, has been 
kept to the limits of an ordinary elementary textbook, somo of the other 
systems of the body ore necessarily more sliglitly dealt with. 

A few minor corrections are needed in a new edition, which it is to be 
hoped may soon bo called for. The suggestion is made that the ** taste 
buds ” are the only receptors for the sensation of taste, and that they ore 
found all over the tongue, instead of being present only in very definitely 
localised areas. Edkins’ coining of the word “ gastrin ” for the excitant of 
the fiow of gastric juice is ascribed to Bayliss and Starling, and the word 
** dilation ” occasionally gets slipped in for the more correct form “ dilatation.*’ 

The historical approach gives this particular textbook an added value and 
interest, not only to thoso reading this subject for the first time, but jx^rhapa 
even more to those who already have some familiarity with it. 

W. C. C. 

Recent Advancee in the Physiology of Vision. By H. Habtrtpgk. 
[Pp. xii -f 401, with 236 figures.] (London : J. & A. Churchill, Lt<l., 
1960. 25s. not.) 

During the lost few years Prof. Hartridge has, both in his writings and in his 
lectures, been actively challenging many of the generally aoct'pted thoorioH of 
vision. The present volume provides him with yet another platform from 
which to expound his iconocloatio ideas and the reader’s reactions to the book 
will almost inevitably be coloured by his reactions to those ideas rather than 
to the figgjtual material reported in the book. 

This is perhaps unforttmate, since a considerable body of data has been 
collected, by means of which a useful view of current research in visual 
physiology can be obtained. This includes electro-physiological research, 
eye movement studies, adaptation experiments, the measurement of the 
dimensions of the eye by the X-ray method, the investigation of the directional 
effect of the n^tina, the measurement of the spherical and chromatic aberration 
of the eye, colour perception, visual acuity, the effect of age on visual per- 
formanoe, and so on. Prof. Hartridge has thus had a wecJth of material to 
draw on and he has in many cases referred to researches published as recently 
as 1949. 

He might, indeed, have been more selective in the material he used, since 
he rarely attempts to assess the reliability of the various expcriml>ntal tech¬ 
niques of different research workers. On the other hand, he is altogether 
too critical of their theoretical views and too dogmatic in the expression of 
his own. Moreover, Prof. Hartridge’s criticisms often seem to arise from 
a failure to understand the significance of the results which have been reported. 

As an example, be has evidently not grasped the distinction between the 
spectral coefficient curves, which give the proportions of the matching 
stimoli required to match the colours through the spectrum, and the spectral 
mixture curves^ which include the amount of light at each wavelength in a 
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given spectrum. He may not be alone in thia difficulty, but, until ho has 
mastered tho data, he is hardly in a x>o8ition to criticise their interpretation. 
His queries on p. 212, for example, and much of his discussion of the colour 
mixture data of anomalous trichromats, illustrate his confusion. 

The book certainly leaves tho reader with tho impression of a vigorous 
mind actively probing in all directions for clues to a fuller understanding of 
tho visual processes, but only time will show whether tho volume is more than 
an ephemeral contribution to the subject of vision. 

W. D. Whioht. 

Outlines of Biochemistry. By Ross Aikbn Qortneb. Third edition, 
edited by Ross Aiken Qobtnbr, Jr., and Whjlis Alway Goktneb. 
[Pp. xvi -f 1078, with 126 figures.] (New York : John Wiley A; Sons, 
Ino.; London: Chapman A Hall, Ltd., 1949. 60s. net.) 

As the field of study to be covered by the biochemist continues to expand, it 
becomes incroasingly difficult for any single textbook to deal adequately 
with every sootor. In spite of its sixe, Gortner’s Outlines of Biochemistry has 
generally been regarded as composod of throe monographs on colloids, proteins 
euid carbohydrates respectively. Tho rather unique selection and arrange* 
mont of subject matter is treated primarily from tho point of view of tho 
agricidtural chemist. 

Tlie new edition of this standard work has followed closely upon the lines 
laid down earlier. The additional chapters on special subjects have been 
largely retained, but there has also been a general tendency towards a more 
balanccxl presentation. Thus, although the now edition is even longer than 
tho previous, somewhat loss space has been devoted to Colloids. Most 
biochemists will welcome this change afxd some perhaps would approve even 
further pruning. Tho section on Proteins remains much the same, while the 
space devoted to Carbohydrates mid Related Substances has been extended, 
mainly by the addition of a cliaptor on metabolism. 

While tho first and second editions were written almost exclusively by the 
original author, the revision of tho text for the present work has been entrusted 
to no less than ten sub-editors, nearly all of whom wore associated with the late 
Ross Aiken Gortner. In addition, some portions of chapters on special 
subjects have bex^n rewritten by exports in the various fields. This division 
of labour has generally been a success and many of the individual subjects 
have been brought well up to da+e. 

Compared with earlier editions, tho treatise on Colloids appears to have 
been changed least, presumably because of the fundammital nature of the 
subject. In assessing the value of this section, it should be realised that the 
book was originally writU^n for students of agriculture, who perhaps had 
reoeivefl loss training in the basic sciences than is normally the case in this 
coimtry. Vo fill such a gap in tho student's curriculum, this section can be 
confidently recommended. 

The chapters on Proteins have been generally brought into line with 
modem thought on this subject and include references to a representative 
selection of more recent research, especially in the fields of the amino*aoid 
composition and the biological reactions of proteins. 

It is in the treatment of the Carbohydrates, however, that most readers 
will find the book to reach the very highest standard. Carbohydrate chem¬ 
istry may bo mentioned specifioaUy. The sections deiaing with staw* and 
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Other polysaccharides and the utilisation of sugars by micro-organisms should 
also prove especially useful. 

In contrast with textbooks on the medical aspect of Biochemistry, special 
plant topics are dealt with in more than usual detail, including excellent 
chapters on lignins, tannins, chlorophylls and plant pigments. A combination 
of Oortner with a modem textbook on nutrition and a monograph on cnay- 
mology and intermediary metabolism should meet practically all the needs 
of the advanced student. 

C. Lokq. 

Hematin Compounds and Bile Pigments. By R. Lkmbbxio and J. W. 

Lbgoe, M.So. [Pp. xxvi -f 748, with 128 figures.] (New York and 

London: Interscience Publishers, Inc., 1049. 120s. not.) 

The publication of this book, which is as wide in its scope as it is compre¬ 
hensive in detail, is a major event in the biochemical world. Tlie entire field 
of hsematin pigments and their natural breakdown products is covered, from 
physical and chemical studios of their constitution, to biosynthesis, catabolism 
and function. Not only are the main classes of pigments reviewed (porphy¬ 
rins, bile-pigments, hemoglobins, hasmatin, cytochromes, catalase and 
peroxidase), but many valuable sections on borderline subjects such as 
hydrogenase, anR3mia3 and chlorophyll have been introduced. In books of 
this nature it all too frequently happens that the subjects in which the authors 
have been actively interested are given the greatest prominence, while other 
fields rooeivo inadequate or imbalanced treatment. While Dr. Lemberg’s 
outstanding contributions to the field of bilo-pigments lend interest to the 
masterly presentation of this involved subject, the authors have, through 
their inexhaustible diligence in surveying and assessing published work, given 
the stamp of authority to each chapter of the book. The bibliography of 
over 3000 selected references is an indication of the Herculean task that tins 
book represents. Time and again, when the authors feol that the present 
position in a particular specialised field is unsatisfactory, they bring forward 
their own originai and often stimulating views, and in this way they make 
valuable contributions to such matters as the mechanisms of enzyme action 
and the biosynthesis of porphyrins. 

A problem that faces any writer on this subject is that of nomenclature. 
There are broadly speaking two accepted systems, the classical one which 
arose before the chemical compositions were understood, and the newer one 
which is largely of Amerioan origin. Thus while the former makes use of 
hssmoglobin (ferrous) and methsemoglobin (ferric), haDmoohromogen (ferrous) 
and parahasmatin (ferric), the latter introduces the prefixes ferro- and forri- 
before both hemoglobin and hemochromogen. Drs. Lemberg and Legge 
now use a third system in which the ferrous and ferric forms become hemo¬ 
globin, hemoohrome and hemtglobin, hemichrome respectively, while hemo 
(no italic) indicates both hemo and hemi forms without discrimination. 
Apart from objections to hemi, the risk of confusion between homo and hemo 
Is obvious and is in fact exemplified many times in this book. Whether the 
introduction of these new terms can eventually reduce the present confusion 
is to be doubted, but nevertheless they do not in themselves detract firom the 
value of the book. In fact, the number of errors is remarkably low. The 
definition of the absorption constant fi requires correction, as does also the 
innnediately following conversion factor which should read 0*434 x 10*^* 
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(p. 363). How serious the latter error may be depends upon the extent to 
which the authors themselves may have used the factor. In spite of the 
recent work of A. Albert on chelation* diethyldithiocarbamate is still widely 
accepted as a specific inhibitor of copper biocatalysis (p. 376): a point which 
might receive criticism. 

Problems of biological pigments are today being attacked by a multi¬ 
plicity of methods which derive from many branches of science* It is for this 
reason that the book* in presenting a balanced picture to the i^searoh-worker* 
teacher and student will become a loading authoritative work of reference. 
The authors are to be congratulated on a work which is truly outstanding. 

E. F. H. 


Multi-Enzyme Systems. By MxLoojLM Dixon, Pb.D., So.D., F.R.S. 

Four lectures given to University College, London, in May 1948. 

[Pp. viii -f 103, with munerous figures,] (Cambridge : at the Univer¬ 
sity Press, 1049. Is. 6d. net.) 

Recent important c^vances in our knowledge of the ensymes concerned in 
hydrogen- and phosphate-transfer have enabled biochemists to build up and 
study in vUro the behaviour of an increasing variety of multi-enzyme systems. 
Prom the important metabolic transformations therthy achieved there has 
resulted a deeper tindorstonding of the mechanisms of energy liberation, 
transfer and utilisation which are operative in the living cell. Those develop- 
monts in enzyme biochemistry have now been admirably summarised by Dr. 
Dixon. Starting with a brief description of the nature of enzymes, there is 
built up a clear picture of the functioning of multi-enzyme systems in the 
respiratory release of energy and in the utilisation of this energy for bio¬ 
synthesis and the porformonco of mechanical work. In this account frequent 
use is made of hitherto unpublished data from the author’s own laboratory. 
The book is notable for its lucid treatment of the rH scale and for its intro¬ 
duction and profitable use of an rP scale. The omission of all citations to 
original papers is justified by the author on the grounds that it is impracticable 
to give a complete bibliography. Selected references to more detailed and 
Bpooialised reviews might, however, have enhanced the value of the book to 
students. Very little saving of space, but some detraction from the otherwise 
very readable text, results from employing the numerous abbreviations now 
in vogue to dosigoato metabolites. 

H. E. Stbebt. 


Recent Progrese in Hormone Research, Vol. IV. Eldited by Geibciorv 
P iNCua. fPp. viii -h 629, with numerous figures.] (New York: 
Academic Press, Inc., 1949. 66s. 6d. net.) 

This volume contains the substonco of the papers presented and a record of 
the discussion which took place at the Laurentian Hormone Conference held 
at Franconia, New Hampshire, U.S., in September 1948. The new meeting- 
place of the Conference made possible a somewhat larger attendance than in 
previous years, and, as indicated by the discussion which followed each com¬ 
munication, the larger numbers did not in any way diminish the keenness of 
the discussion. 

lliio sections and titles of individual contributions are as follows t 
Section I, “ Steroid Hormone Metabolism in vivo and ta vitro Some 
aspects of progesterone metabolism,** by G. F. Marrian; ** The metabolism 
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of tho estrogoiw. Part One,’' by R. D. H. Hoaini; “ The motaboliam of the 
estrogens. Part Two,” by R. D. H. Heard and J. C. Saffran; ” Tho meta- 
holism of androgens by tissues,’* by Leo T. Samuels ; ” The metabolism of 
estrogens with partioular emphasis on clinical aspects,** by Albert Segaloff. 
Section II, ” The Role of Hormones in Tissue and Body Metabolism **<—” The 
antihormone problem in endocrine therapy ** by James H. Leathern; “ Inte¬ 
gration of tho effects of adrenal cortical, thyroid, and growth hormones in 
^ting metabolism,'* by Abraliam White ; ” The alterations in metabolism 
incident to administration of insulin, adrenalin, and thyroid substances, 
studied with the aid of isotopes,” by Dewitt Stetter, Jr.; ” The pancreas as 
the guardian of tho liver,” by C. H. Best; ” Metabolic clianges in man 
following adrenal and pituitary hormone administration,'* by George W. 
Hiom and PotiOr H. Forsham. Section III, “ Nourohumoral-Hypothalmio 
Relationships ”—” Adrenal function in mental disease,** by Gregory Pincus, 
Hudson Hoagland, Harry Freeman, and Fred Flmadjian ; “ Manifestations 
of altered autonomic and humoral fimciion psychoneiiroses,” by R. A. 
Cleghom and B. F. Graham ; ” Kffects of hypothalmic lesions on water and 
energy metabol^m in the rat,” by James A. F. Stevenson. Section IV, 
” Thyroid Physiology and Function ”—“ Physiologic reactions of the thyroid 
stimulating hormone,'* by Rulon W. Rawson and William L. Money ; ” Tho 
metabolism of iodine in man as disclosed with the use of rodioiodine,” by 
F. R. Raymond Keating, Jr., and A. Albert; ” Kadioiodine as a diagnostic 
and therapeutic tool in clinical medicine,” S. M. Seidlin. 

On this occasion the influence of steroid hormones is somewhat loss 
evident than on previous similar occasions, but tho review in Section I by 
experts on tho recent work on the Metabolism of Androgens and Oostrogens 
makes fascinating reading, both for the experimentalist and the clinician. 
The discussion in this section scorns to have been particularly lively. 

In Section II, tho Role of Hormcme^ in Tissue and Body Metabolism is 
a subject which necessarily leads to less ooneisenoss than dcK's a discussion of 
metabolism of steroid hormones, but again the individual pa|)crs are of great 
interest, and the discussion, oft§n extremely critical, of absorbing value to 
those who were unable to be present at the Conference. 

The rise of interest in tho nervous control of hormonal functions and tho 
relationship of hormones to the nervous system in general is reflc?ct€*d by 
the three papers read in Section IH. Finally, in Section IV, recent work on tho 
metabolism of iodine, made possible in particular by tho use of radioioiline, 
has hewn interestingly surveyed, although tho literature in this somewhat 
complex field is by no means fully treated in those three rather specialised 
papers. 

Once again it can be said that this volume is one which every investigator 
in the hormone field must possess. Like tho previous volximes in this series, 
this book is one of great value to the actual worker in tho field, €uid of sub¬ 
stantial interest to those who have already some knowledge of the subject of 
hormones either from tho point of view of the clinician or as a laboratory 
experimentalist. 

Dr. Pincus plays a major part in tho arrangements for the Laurontion 
Hormone Conference and he is not only to be congratulated on his success 
in that role, but also on his diligence and ability in facing with such valuable 
results the arduous task of arranging and editing this volume. 

F. a. Y, 
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^ Selective Toxicity and Antiblotica. Symposia of tho Society for Experi¬ 
mental Biology, No. III. [Pp. viii + 372, with 6 plates and numerous 
figures.] (Cambridge: at the University Press, 1949. 35s. net.) 

This book, wliich is well printod in the customary maimer of the Cambridge 
University Press, contains twenty-two papers road at a Symposium in Edin¬ 
burgh in July 1948. 

The nature of the book may not be self-evident from its title. Two papers 
contain straightforward accounts of antibiotics from BaciU/us polymyxa and 
from hops, and two others deal with effects of antibiotics and animal secretions 
on the balance of nature. M. K. Pollock describes the inhibitory and stimu¬ 
latory effects of fatty acids on certain bacteria. The book is largely oon- 
eemod, however, with mechanisms by which various drugs—antimalarials, 
insecticides, herbicides and antibacterial substances—^may exert their toxic 
effects. 

It is emphasised that many drugs whose specificity leaves much to be 
desired in practice are nevertheless selective; they cannot be dismissed as 
general protoplasmic poisons. A. R. Trim and A. E. Alexander consider 
how physical projK^rtios may affect the ability of a drug to penetrate or dis¬ 
organise cell membranes, and both they and A. Albert draw attention to the 
formation of mixed mioollea as a cause of the interference of some drugs with 
others. R. A. Peters discusses the effect of BAL and arsenicals on sulphydryl 
ensymos. D. D. Woods and R. H. Nimmo-Smith describe recent work, which 
has firmly established Woods’ theory of the mode of action of the sulphon- 
amides, and E. F. Gale reviews his investigations on the action of ponioitlin. 
Theoroti^l considerations relating to the design of inhibitors based on 
essential metabolites are put forward by H. N. Rydon. There is a lucid 
description by 0. N. Hinshelwood of his vievrs on bacterial adaptation ; it is 
a pity that the book contains no exposition of other theories about this 
phenomenon. 

This symposium reveals how far, with a few exceptions, a precise under¬ 
standing of selective toxicity has lagged behind the ability to discover new 
drugs of practical importance. The book should bo valuable to all those 
interested in the complexities of drug action. E. P. Abbaham. 

Industrial Hygiene and Toxicology. Vol.II. Edited by F.H. Patty. 

[Pp. xxviii, 533-1138, with 7 figures.] (New York and London: 

Interscionoo Publishers, ino., 1949. 120s. net.) 

Having covered tho broad and general aspects of industrial hygitoe in Vol. X 
of this monumental work, the contributors to Vol. 11 deal more specifically 
with industrial hazards and the agents which produce them, including their 
properties, physiological action, ana] 3 rtical methods and permissible concentra¬ 
tions, while a final chapter describes tho recognition and control of potential 
exposures in practically every known industrial process. 

Some idea of the task undertaken, and on the whole magnificently fulfilled, 
can bo gained from the fact that, tmder the heading Halogenated Hydro¬ 
carbons ” alone, forty-three compounds are described. The number of toxic 
agents included in the first nine^ecu chapters is in fact so great that in some 
instances the account sufiTers a little from the inevitably necessary curtailment, 
but the uniform arrangement of headings an4 the list of references appended 
to each subject make an extremely valuable foundation upon which those who 
require a fuller account can build. 
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The chapter on “ Induatrial Load Poiaoning,'* by Dr. Robert A. Kehoe, 
does not stiver even from this slight disability. Both the engineering and 
medical aspects are treated in full detail. It is interesting to note that in the 
United States the trend in evaluation of load exposure is increasingly towards 
lead analyses of blood and excreta an<i away from the estimation of punctate 
basophilia in the blood. 

Among ** The Metals/* described by Dr. F.^Heyroth, are included many of 
those which are comparatively rare in industrial use, such as gennanium, 
osmium, palladium, ruthenium and vanadium, abotit which little information 
has hitherto been available without a time-consuming search through the 
literature. 

A large section is devoted to industrial solvents, and a vast amount of 
information is compressed into it; the tabulation which the compression has 
necessitated makes reference easy, and an admirable featiuo is the translation 
of milligrams per litre into parts per million, so that the maximum allowable 
concentrations can be readily recognised in either form. 

The last chapter, “ Potential Exposures in Industry,” by Dr. Patty and 
Dr. F. R. Holdcfli, is especially valuable because it gives a great deal of informa¬ 
tion on actual industrial processes in a form which is not readily available in 
any other publication of this kind. 

The various industries are listed alphabetically and each contains a des¬ 
cription of the teclinical manufacturing process and of the associated potential 
hazards. Thus, imder “ Automobile Manufseture,** the reader is referred to 
headings such as Abrasive Blasting, Anodising, Battery Manufacture, Electro¬ 
plating, Foundry Operations, Forging and Iron Working, Garages, Grinding 
and Polishing, Heat-Treating, Industrial X-ray, Lead Workers, Metal Clean¬ 
ing, Metalising, Motor Testing, Painting and Decorating, Pickling, Plastics 
and Resins, Radio Manufacture and Repair, and Welding. Since the agents 
producing hazards in each of these separate industries have already been 
described in detail under their appropriate headings in previous chapters it is 
possible, by combining the two sources of information, to obtain a comprehen¬ 
sive idea of why and how specific hygienic precautions should be taken in the 
entire vast field of modem industry. 

Ethel Bbowhino. 

Bactioiological Technique. By W. W. W. MoKwen, A.I.M.L.T., 
F.R.M.S. With a Foreword by Professob Sib Alexander Fleming, 
F.R.S. [Pp. viii -f 286, with 70 figures, Including 4 plates.] (London: 
J. A A. Churchill, Ltd., 1949. 15s. net.) 

This small book is intended for student technicians. It describes the general 
oiganisation and equipment of a bacteriological laboratory, the care of 
apparatus and animals ; general baotoriological techniques and the preparation 
of culture media and stains; the various types of filter and microscope. 
The procedures used in the examination of tuberculous sputa, throat swabs, 
fooes, milk, water, shell-fish and skin scrapings and hair are dealt with. 

Tl^ advice on laboratory stock-keeping is clearly written and of great 
value and the desoriptiem of a laboratory is helpfid. The best chapters ore 
those on the examination of sputum for -tubercle bacilli, and on the use of 
the mioroaoope. 

Unfortunately there ore defects in this book; for example, the section on 
the preparation of media does not mention the commoner tellurite media for 
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the diphtheria group; the desoxyoholate-oitrate formula ia not that now 
generally used, and the rarer media have a disproportionate amount of space 
and the commoner insufficient detail. Anaerobic culture methods contain 
no mention of cooked moat mediiun or the cylinder as a hydrogen souro6» 
and the indicator is too briefly described. 

The principles applying to common apparatus (incubatorB> baths, sterilisers 
and the centrifugo) are either not dealt with or are too briefly described. 

The most serious omissions and lack of detail apply to the technique of 
ex6iminiug throat swabs and fseoes, the examination of urine, pus, nasal and 
prenctsal swabs and the C.S.F. being omitted entirely. The technician should 
know this in considerable detail and eJso the everyday procedures of antibiotic 
sensitivity tests and serum levels, which receive no mention. 

However, the book contains some useful information; there ia a great 
need for a book of this kind to give sound and detailed guidance to the tech* 
nician on all matters applying to bench*work and laboratory maintenance. 

W. D. Lxksbix. 


Ansssthetics and tha Patient. By Gordon Ostlbrb, M.A., M.B., B.Chir., 
D.A. Sigma Ititroduotion to Science 15. [Pp. 166, with 4 plates and 
6 figures.] (London: Sigma Books Ltd., 1949. 7s. fid. net.) 

This small book about ansesthetica ia written for the layman. Most of us 
fear losing consciousness when we take an ansosthetio ; we fear the unknown ; 
but wo forget that we become tmoonscious when we sleep. Believing that 
knowledge will go a long way to dispel such fears, the author, who is a young 
doctor specialising in anoesthetics, sets out to enlighten his readers with an 
account of the history of modem amesthesia, descriptions of modem anees* 
thotic methods, and an explanation of how anaesthetic drugs work in the 
human body. The progress which auiaosthosia has made during the last 
thirty years ranks hi^ amongst the many advances which have occurred in 
medicine since the first world war. The use of curare, the arrrw poison 
discovered by Sir Walter Raleigh in the sixteenth century, enables abdominal 
operations to be performed without the disadvantages of deep anaesthesia, 
and is an example of this progress. To a large extent the author has succeeded 
in his object, and in every page the reader will find much to interest and 
intrigue him, written in clear and simple language ; all perfectly understand¬ 
able to the non-medical mind. 

So far, so good ; but the author pursues further his theme ” Anaesthetics 
and the Patient.^’ For the nervous man who is likely to have to face an 
operation in the near future a knowledge of how the annsthetio drugs work 
and of the advantages of modem methods may give a large degree of assur¬ 
ance, but, if he roads on, he will learn much about the complications which 
may occur as a result of taking the ansBsthetio. This knowledge may well 
bring him to the operating theatre in a £sr from tranquil state of mind; 
and it doubtless will add to these fears if he carries in his mind the picture 
(Plato IV) of an opened abdomen. 

As in his other excellent monograph which is written for medical students, 
the author shows a genius for putting complicated facts clearly. The book 
ia well written, amply illustrated, and scientifically correct. For many it is 
one they will much enjoy reading. 


S. R. 
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PHILOSOPHY AND HISTORY OF SCICNCB 

The Unitary Principle in Physics and Biolog^T- L. L. Whyra. 

[I^. X 4- 182.] (London: Tho Cresset Press, 1949. 12s. Od. net.) 

In this book Mr. Whyto attempts to use what he calls the “ unitary prin¬ 
ciple,*’ to which he gives a definite meaning, to show how physics, biology, 
psychology and other possible natural sciences could bo brought within one 
system of unified scientific theory. This ho proposes to approach through 
a critical analysis of the implicit assumptions and basic principles of existing 
sciences, so as to roach ** tho indispensable criterion of scientific knowledge, 
the most general assumption which could provide tho basis for a scienoe.” 
Only “ through the discovery of a universal method of thought providing 
the basis of a unified humane scienco ” does Mr. Whyte b(4ievo civilisation 
can be saved. This motho<l, he suggests, is provided by his unitary prin¬ 
ciple, and the bulk of tho book is devoted to tho illustration of its application, 
first, briefly, in physics and then, in greater detail, in biology, leading finally 
to a theory of organism. 

As to basic principles, Mr. Whyte says : “ In facing the unknown the 
theorist has one weapon : his conviction that nature is simple, that a universal 
order awaits discovery.” This conviction, ho adds, ” may bo an illvision, 
but it is indispensable to theoretical endeavour ” and ho goes on to demand 
that ” the unifiod theory shall display tho highest imiversality, immediacy, 
and elegance, in addition to tho powor of prediction which distinguishos 
soiontifio from philosophic theory.” To roach his unified theory he begins 
with Bertrand Kussell’s conclusion that ” it is only structure w^ch we con 
validly infer from perceptions, and struoiuro is what can bo expressed by 
mathematical logic, wliich includes mathematics,” and he goes on to point 
out that ” soionce is interested in oausfd or spaco-timo structure.” Tlien, in an 
interesting discussion in which ho describes the principle of causality as ” a 
rule for selecting isolable processes,” he concludes ; ” The principle of causality 
requires that thoso prooosses alone cue isolablo in which there is no appoaranco 
of now arbitrary features, i.e. of features which cannot }x> traced to earlier 
causes within the process.” This conception of causality is made more 
specific by what he calls the principle of symmetry : ” the symmetry of causes 
must be repeated in their effects, and any symmetry of effects must therefore 
be present in their causes . . • new asymmetries cannot arise in on isolable 
prooess.” But, ho adds, though ”ln isolablo prooessos new distinctions 
cannot arise . . • earlier distinctions can disappeewr,” as, for example, ” We 
can predict that hot and cold fluids when mixed will roach a uniform tempera¬ 
ture, but from this end-roault we cannot infer tho original difference in 
temperature.” This fact leads him to his Unitary Principlo ; ” Asymmetry 
tends to disappear, and this tendency is realised in isolable processes.” 

Mr. Whyte’s principles involve certain difficulties. First, at the risk of 
excessive purism, it may be doubted whether thero are grounds for believing 
that it is naiUTe that is simple and in which order is discovered. There is in 
fact no means of judging whether ” nature ” is simple or complicated (what¬ 
ever it woiild moan to make such a judgment). Tho choice of tho simplest 
of the available hypotheses is purely a matter of convenience. The other 
main criterion^ besides that of economy, by wliich hypotheses are selected is 
their range, the limits of which are determined by deduction and experiment 
leading to verification or falsification. But, since we have no means of 
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exhausting all the possible alternative theories from which the same facta 
could be deduced, we can never conclude that any particular theory which 
aa yet remains tm-falsified expresses the truth about ** nature.’* Indeed, we 
need not consider ** nature ” at all and the principal danger lurking behind 
convictions about ** nature ” is that, apart from being irrelevant, they tend 
to«introduce into a particularly successful theory a suggestion of finality 
that may at a later stage obstruct research. 

Moreover, it is very difficult to see exactly what Mr. Whyte’s principle 
of causality tells us and what exactly we are to do with it. Iiike Newton’s 
conception of force it appears to bo based on a tautology, but unlike Newton’s 
definition it can hardly be said that its heuristic value has been demonstrated. 

It would bo unjust as well as mistaken to dismiss at this stage an explicitly 
prelimincuy attempt to produce a “ imified science.” Mr. Whyte certainly 
makes most adroit use of his unitary principle to fulfil his demand for 
universality, that ” All processes are to bo represented as variants of one 
xmiversal process,” though at times the application is so facile that one may 
begin to doubt the scientific value of the principle. But biologists in i)ar* 
ticular may well get some useful ideas from Mr. Whyte’s theory of organism. 
From a few primitive axioms he deduces conclusions which are as suggestive 
as the methods of reaching them are ingenious. There is no index. 

A. 0. Cbombxs. 

Wirkungsquaiitum und Naturbeschreibung. By F. Hund. Deutsche 
Akadomie der Wissenschafton xu Berlin, Vortrage und Schriften, 
Heft 35. [Pp. 18.] (Berlin: Akademie Verlag, 1949. DM.2.50.) 

In an oration in memory of Max Planck, the author, a theorist who has 
successfully applied quantum mechanics to various problems of spectroscopy 
and chemistry, deals with the philosophical implications of the quantum 
theory. Writers on this subject frequently assert that the quantum theory 
imposes insuperable limits to the jnrogress of scientific knowledge. Tl e author 
maintains that the old and the new physics differ essentially only with 
regard to their specification of objective r^ity. Previously the smell and 
taste of a substanoo wore considered as partly duo to the aotiem of an observer, 
whereas the positions of its molecules were regarded as objectively real. In 
quantum physics the positions of the molecules are, with respect to their 
dependence on tlie action of an observer, no better than smell and taste, 
whereas reality can be specified in terms of abstract mathematioid oonstniots 
only. In order to establish the quantum tlxeory it waa necessary to rooon- 
sidor the meaning of standardised theoretical notions ; logical standards had 
to be improved in order to resolve apparent contradictions. All this should 
be helpful for creating a scientific attitude in the consciousness of mankind. 

R. Exsbnsckitx. 

The Story of Atomic Energy. By Fbbdbbxok Soddy, F.R.S. [Pp. 
viii 130, with 92 figures.] (London: Nova Atlantic, 1949. 2(hr. 
net.) 

Qbbax interest attaches to this book. It gives an account, written for the 
general reader, ” by the sole surviving participator in their origin, of the 
discoveries and ideas, which in 1945 culminated in the large-scale destructive 
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release of tomio ♦ energy.** The quarto volume collects 13 fortnightly 
artioles that appeared in Engineering during 1947-48. The treatment is 
broad, starting from Alchemy and the origins of the Atomic Theory and 
arriving at nuclear fission in Chapter XII. The last chapter discusses the 
implications of large-scale fission and the social responsibilities of the scientist. 
Recent developments are therefore seen in a wide perspective, and this 
indeed is the book*s great merit; but occasionally the reader is taken rather 
far afield—^for instance, on p. 79 into a discussion of the bonding in Werner’s 
co-ordination complexes. Very properly emphasis is laid on the fact that 
atomic energy was first discovered about 1903. 

There are subjects upon which the author has strong personal views, and 
these produce some hard judgments : on Aristotle ancl John Dalton, for 
example, or on quantum mechanics and banking. (“ The ordinary man 
to-day . . . hets still to recognise (Alchemy) in its mo<lem disguise as so-called 
* banking.* **) Criticism may be mode of a few points of detail. Tlie book 
is intended for tho lay reader, and most of it is written simply. But not all; 
and some of tho difficult passages can bo attributed to the uso of very long 
and involved sentences. Again, after reading pp. 79-80, one will be left 
with the impression that ortho- and para-hydrogen owe their differenoe to 
electranic spin. Or again the historian may not think tliat any scientific 
hypothesis which has enjoyed a i>eriod of usefulness ought subsequently to 
be dismissed os “ fundamentally false ” (e.gr. p. 12) ; and especially may ho 
wonder whether even the discoverer of Isotopy is justified in applying such 
a phrase (p. 21) to a theory which enabled Mendel6eff to predict the pro¬ 
perties of three unknown elements. Tho quality of tho {printing is as might 
be expected in a fortnightly magaa^ine, but is not worthy of the author or 
his book. 

The value of this book arises from what Dr. Soddy is uniquely able to 
give : in a viewpoint based on his long contact with the subject, and yet 
detached from tho sinister developments since it become bedevilled by tho 
fear of the atomic bomb ; in his reminiscences of tho exciting early days of 
Radioactivity research ; and—^whether one agrees with them or not—^in the 
wisdom revealed in certain passages. A review cemnot be better concluded 
than by quoting one of those. 

“ The six disastrous years of World War . . . now (seem) only to have 
unloosed among the masses a false optimism that the same effort guided 
into constructive channels could emancipate tho whole world, whereas, in 
fact, (they) represent so great a disaster as to postpone indefinitely any such 
possibility . . . Last century, not this, was the time to attempt the 
millenium.*' 

J. C. Spbakman. 

Crucibles : The Story of Chemistry from Ancient Alchemy to 
Nuclear Fission. By B. Jatfs. Revised edition. [Pp. xiv -h 480. ] 
(London: Hutchinson’s Scientific and Technical Publications, 1949, 
18#. net.) 

It requires both courage and audacity to attempt an liistorioal treatment of 
chemistry from its origins to the present day in a book of fewer tlian 600 
Jwges. Prof. Jaffe undertook this formidable task by weaving his narrative 

* The adjective ** tomio ** is suggested by the author so as to avoid the 
verbal oontradiotion of such phrases as olomio fission.** 
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around a gallery of outstanding figures in the long cavalcade of hiatoriccd 
chemistry* In the first five of the nineteen chapters, alchemy is represented 
by Trevisan, iatro-chemistry by Paracelsus, phlogiston by Becher, and the 
work that imderminod phlogiston by Priestley and Cavendish. Next come 
naturally Lavoisier, Dalton and Bencelius; and so the story progresses to 
the present day, ending with oliapters on The men who harnessed nuclear 
fission ’* and “ Nuclear energy tomorrow.” 

The book is written in a lively and entertaining stylo. It is truly described 
as the story rather than as a history of chemistry. The author is indefatig* 
able in collecting anecdotes and personal details illustrating the character* 
istics of his chosen figures, and although ho amplifies their soiontifio back¬ 
grounds the effeot is at times that of a sorioa of picturesque advertising 
posters. Historically the work improves considerably as the author 
progresses, and the last half-dozen chapters, dealing chiefly with sub-atomic 
chemistry, afford a vividly written and valuable review of this fascinating 
field of modem science, with its ambivalent vista of attractive and for¬ 
bidding possibilities. These chapters bring out in a striking way the domina¬ 
ting position occupied by the United States in scientific research at the 
present day. 

The least satisfactory port of the book is the treatment of alchemy, a 
vast subject incapable of attachment to any single personality ; moreover, 
the bibliography given at the end of the book is not calculated to lead the 
enquirer much further into this complex field. Mistakes are regrettably 
numerous; among them the following may be noted : Borthollot was not 
a sceptic of the atomic theory in 1800 (p. 131); it is not generally accepted 
that Pictet and Vogol of Geneva synthesised cane sugar in 1928 (p. 178); 
Perkin's discovery of mauve was not the result of mixing at random the con¬ 
tents of two fiaslra whilst washing bottles in Hofmann's laboratory (p. 190) ; 
Basil Valentine did not describe antimony in the year when Columbus 
was discovering America (p. 205); and Agricola's De Re MekMioa was not 
published in 1530 (p. 205). It is surprising to find such inacciuacies in a 
revised editioii of this praiseworthy contribution to the humanising jf science. 

John Read. 

A Concise History of Astronomy. By Peter Doio, F.R.A.S. [Pp. 
xii -f 320.] (London : Chapman A Hall, Ltd., 1950, 21s. net.) 

Since Berry and Bryant wrote the standard Knglisli histories of astronomy, 
forty years and more of prodigious achievement have revolutionised the 
science. Now the record has be€«i diligently brought up to date by Mr. Peter 
Doig, the Editor of the Journal of the Britiah Astronomical Assodaiian, in this 
latest book of his. It is intended for the general reader, and the Astronomer 
Royal has contributed a Foreword. 

Beginning with a sketch of the problematic astronomy of the ancient 
East (which Berry deliberately left out of accoxint), and a rather uncertain 
chapter on that of the Greeks, the story unfolds through the Middle Ages to 
Copernicus, Kepler, Galileo, and so to Newton and the eighteenth century. 
From Herschel onwards, the subjeot is treated in much greater detail (the 
dividing line between the first the second halves of the book falling as 
late as 1850), and the author's familiarity with the technical literature, and 
with the celestial phenomena tlunnselves, is mcreasingly in evidence. The 
bteaking-ttp of the later chapters into a number of separate aeotions dealing 
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with apecial problems or classes of luminaries, though probably unavoidable, 
18 not altogether satisfying to the reader’s historical sense. However, it docs 
not lessen the usefulness of the book as a work of reference, both for post 
history and for novel developments concerning which little information is as 
yet generally available. 

Besides a number of obvious misprints (e.j/. Pupils for Papers in the first 
footnote on p. 129), we have noticed a number of slips, mainly in the earlier 
portion of the book. Pythagoras is not supposed to have held that the Earth 
revolved round the Sun, and the latter round the Centrid Fire (p. 28). The 
** great Geometer ” is twice misspelt AppoUmius (pp. 36 and 313). Horrox 
observed the transit of Venus with Crabtree, not with Gascoigne <p. 72). 
Descartes died too early (1660) even to admit the correctness of only parts 
of Newton’s theories ” (p. 88). Halley was Savilian Professor of Qeometry^ 
not of Astronomy (p. 101). The variation of latitude is not solely duo to 
meteorological factors (p. 166). And Lockyer was bom in 1836, not in 1823 

(p. 186). 

A. A. 


Science, Servant of Man. A Layman’s Primer for the Age of 
Science. By I. Bernakd Cohkn. [Pp. xvi 4- 362, with 7 plates.] 
(London : Sigma Books, Ltd., 1949. 15s. net.) 

As a historian of science, I eun constantly struck by the fact that the average 
reader of the eighteenth century had a much better grasp of the full moaning 
and significance of the science of his day than a similar person has in ours. 
The English poets of the eighteenth century, for example, were not only 
familiar with the principles of Newtonian mechanics but . . . they integrated 
Newtonian ideas into their actual pootic writings, and even constructed 
scsthetic canons in Newtonian terms. The educated layman of that day— 
whether poot, philosopher, statesman, merchant or dreamer—^was able to 
learn his science by reading popular books by great masters.*' Tlieso included 
such writers as Fontenelle, Euler, Voltairo and Henry Pemberton. 

Science in the twentieth century is so complicated tliat no one, not even 
the scientists themselves, can hope to master even in tlie most general terms 
more than one or two of its branches. But Dr. Cohen, a distinguished 
historian of science working at Harvard, has attempted a new method of 
presaating science as a unity. In this work he describes a number of case* 
histories firom many different branches of nineteenth- and twentieth-century 
science with the object of learning “ under precisely what conditions important 
scientific discoveries are made, and in just what way the practical applications 
of science came about.” 

Most of Dr. Cohen’s ” cases ” are examples of scientific discoveries that 
have turned out to be practically useful but, as he rightly points out, useful 
results ”have come about jirimarily as the by-products of the search for 
truth in the scientific laboratory.” Science is investigating the unknown: 
no one knows where it will go : the early investigators of electricity, peni¬ 
cillin, j^ant hormones, genetics, fossils, the constitution of tho sun had no 
idea to what uses their results would be put. Yet Dr. Cohen points out that 
it is impossible to draw a sharp line between pure and applied scienoo and 
he emphasises again and again that to understand the conditions of scientific 
discovery wo must keep in mind the milieux in which discoveries ware made. 
For instanoe. Watt’s steam engine was made at a time when Black was 
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beginning to understand latent heat, technicians had acquired a suffloicnt 
accuracy in metal-working, and thexe was a particular economic need. 
Another illustration of the influence of the total scientiflc situationis the 
difference in attitudes to penicillin in 1926-29 and 1938^89. This ** total 
situation,** as Dr. Cohen points out, is quite as indispensable as the presence 
of scientists with the necessary intellectual equipment and the curiosity that 
makes them pay attention to facts, however odd and at variance with 
expectations based on current ideas. 

Dr. Cohen has written a book that is both scholarly, interesting and 
informative and well designed to give the layman a sympathetic under¬ 
standing of the scientiflc enterprise as a whole.” 

A. C. CnoMBia. 


MISCELLANEOUS 

Psychical Physics. By S. W. Thomp. [Pp. xvi + 534, with 160 figures.] 
(Amsterdam : Elsevier Publishing Co., Inc.; London ; Cleaver-Hume 
Press, Ltd., 1949. 60s. net.) 

A sjcHijBS of subtle phenomena, mcluding water divining, exist which in general 
have not been verified by scientiflc methods. In this book the author gives 
an account of such phenomona with comprehensive bibliographic roforenoos. 

The book falls into two main parts (i) an account of the external and 
internal fields influencing living organisms, and (ii) a detailed description of 
dowsing, with some experiments carried out by the author. The summary 
review of the physiological and geological subjects is thorough cmd is carefully 
planned. 

Although the author refrains from expressing definite belief in some of 
the phenomena described in the first part of the book, they are described 
credulously rather than critically, whereas experiments which have given 
negative results are discredited. For example, exx)6riment8 which fail to 
demonstrate mitogenetic radiation are rejected on the grounds that statistical 
investigation of such phenomena is not permissible because some c** the 
controlling factors are either unknown or ignored. Again, the experimental 
conclusion of Doelman and Trip that electrostatic fields have no effect on tar 
carcinoma is rejected as ” hasty and typical of the attitude of a great number 
of scientists if extremely subtle and rather unusual phenomena are reported.” 

The author believes that a core of truth is hidden within the mass of 
admittedly spurious data about dowsing. His own experimental results 
using the electrocardiograph are interpreted in teima of reoepiors in the 
human body. No physical receptors sensitive to minute changes in magnetic 
field strength are known. The skin potential changes measured probably 
result from variation in sweat secretion arising from suggestion reaching the 
subject through some other sensory channel. 

The author suggests that a systematic exploration of these phenomena 
in a laboratory of Psychical Physics would enable us to solve ” the most 
fundamental philosophical problems of life.” 

^ This book contains mu<^ interesting infonnati^mi but must be read 
critically. 


B. 0. A. 
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Science News 14. Edited by J. L. Orahmjsb. [Pp. 160 , with 16 plates 
and 17 figures.] (Harmondsworth: Penguin Books, Ltd., 1949. 
Is. 6d.net.) 

Ik this issue of Science News three short articles on Bacteriophage ♦ form most 
interesting reading, coming as they do from names so closely associated with 
the subject. The first by Dr. F. W. Twort is lau^ly biographical, in which 
the author enlarges on his views concerning bacteria as examples of life in 
a most primitive form, describes his original observations on the effect of 
a “ baoteriolytio agent ** on the growth of micrococci obtained from vaccine 
lymph, and discusses the virus-host relationship and its significance in in¬ 
fectious processes. 

Dr. F. D’Herelle gives an historical review of his systematic researches 
into Bacteriophage, starting with investigations on an infectious disease of 
locusts caused by a cocco-bacillus, when he noticed “ clear spots ’* occurring 
in the growth on agar of this micro-organism. The ensuing description of 
investigations into the properties of Bacteriophage and its application to 
cholera-infected well water in India are written in a pleasant stylo and form 
absorbing reading. 

Tlie final article by Dr. Wyckoff gives a scientific description of the 
properties of Bacteriophage ; the size and shape of coli phage and chemical 
composition of phage are given. Studies in the genetic structure of phage 
and the effect of mutation on phage lysis and the properties required to 
initiate adsorption are described. The process of adsorption and lysis is then 
dealt with and reference made to the six excellent shadow ultra-micrographs 
supplied with the article. 

There are other informative articles on the Origin of the Solar System 
(by the Astronomer Royal), Molecular Architecture in Plants, Synthetic 
Fibres, Viruses and the Veterinary Surgeon, the Electrical Activity of the 
Human Brain, Television and the Calendar. 

W. D. Linskix. 


•• “ The Discovery of Bacteriophage,” by F. W. Twort, F.R.S.; “ The 
Bacteriophage,” by Felix D’Herelle; ” The Nature of Bacteriophage,” by 
Ralph G. Wyckoff, 
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During the last fifteen years no fewer than nine new elements have 
been discovered, while a tenth, francium, has been examined 
chemically for the first time. Four of these elements, technetium 
(Z — 43), prometheum (Z 61), astatine (Z == 85) and fralicium 
(Z *=: 87) correspond with the gaps which previously existed in the 
periodic table, while the remaining six, neptunium (Z = 93), 
plutonium (Z -= 94), americium (Z = 95), curium (Z = 96), berke- 
lium (Z = 97)-and californium (Z =- 98) are transmanic elements.* 
In reviewing the production and chemistry of these elements it 
will be convenient to consider the transuranics first. Their discovery 
originated in Fermi’s observation that slow neutrons are readily 
captured by atomic nuclei, the resulting nucleus being in most cases 
/3-active and giving, therefore, as its decay product an element of 
atomic number one greater than that of the parent element. The 
slow neutron bombardment of uranium was found to result in two 
distinct processes. The isotope U**® underwent fission into lighter 
nuclei and neutrons, while the heavier isotope, U*®®, was able to 
capture neutrons, forming the nucleus U*®® which, by /3-docay, gave 
the neptunium isotope Np*®*. Both of these processes occurring in 
uranium led to the discovery of new elements, for among the fission 
products of uranium are radioactive isotopes of technetium and 
prometheum. Quite apart from neutron capture by uranium and 
fission, however, the cyclotron has also proved an invaluable tool 
in the development of this new field. 

* Keferenoes to original papers are not given ia the text, but BUinmarieg 
of work on tho transuranios ore available in a recent article by M. W. Lister 
(QtiarL Eev. Chem, Soc,^ 1060, 4, 20) and in two volumes of tho National 
Nuclear Energy Series by G. T. Seaborg, J. J. Katz and W. M. Manning 
(N.N.E.S., Division IV, Vol. 14B, McGraw-Hill Book Co. Inc., New York, 
1949). 
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The uranium isotope 17“* produced in the neutron irradiation 
of U*** decays according to the scheme shown below (1), forming 
successively Np*®*, Pu®®* and U*®*. 

0 0 fli ' 

UM»-►Np”*-►Pu**»-►U»*»-► . (1) 

S3 imna. S 3 <1. S-1 x 10* y. 

0 « 

U**»(rf,2n)-►Np®**-►Pu»»»-►U®*®-► . . (2) 

sod. 80 y. 

0 a 

U®»*(n,2n)-► U**»-► Np®»»-► Pa®»*-► . (8) 

sod. S X 10* y. 

This is, however, only one of several ways in which isotopes of 
neptunium and plutonium may bo produced. The reaction (2) above, 
for example, is based on the bombardment of uranium with deuterons 
in the cyclotron and is the method by which Seaboig and his co- 
workers produced plutonium in 1940. With the material so obtained 
they studied plutonium chemistry on a tracer scale and were able 
to provide information for later technological developments. The 
third set of reactions (3) occurs with fast neutrons from the cyclotron 
or the pile and is of particular interest because it yields a neptunium 
isotope of half-life less by a factor of only about 10* than that of 
uranium itself, which is particularly convenient for chemical studies. 

Americium and curium also form a number of radioactive isotopes 
which may be produced, as shown below, either in the cyclotron 
(4,6) or in the pile (6). The isotope Am®** is formed by the cyclotron 
bombardment of U*** with a-particles (4). In the second case the 
plutonium isotope Pu®®*, which is available in quantity from the 
pile, is used ao the cyclotron target. The third set of reactions 
shows a process which can go on when plutonium is subjected to 
slow neutron bombardment. It is also possible to start with the 
americium isotope Am*®* prepared according to (1) and subject it 
to neutron bombardment. 

The discovery of the two remaining transuranio elements has 
been announced only very recently. Both have been obtained by 
Seaborg and his co-workcrs, the first, berkelium, by bombarding the 
americium isotope Am®®* with helium ions in the cyclotron. The 
isotope formed is believed to be Bk®*» and it decays with a 4-8 hour 
half-life by electron capture with approximately 1 per cent. «-deoay 
branching. Element 98, to which the name californium has been 
given, is formed by bombarding Cm*®* with helium ions. It is an 
a-active isotope of half-life 46 minutes. Both are formed in an 
(oc, 2») reaction. No mfbrmation on the chemistry of these elements 
is yet available, thou^ they were separated from the <^olotion 
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target material by using the ion exchange method which is referred 
to later. 

A number of other isotopes of the lirst four transuranic elements 
are known in addition to those mentioned. One of the most 


U»»»(«,») — 

1 

Pu*»»(a,n) - 

—► Cm*** 

j 

Pu***(«,y) — 

1 


n.r 


0 « 

Am**‘-► Np*« 

y. 500 y. 

01 a 

-► Pu«*-► 


5 months 
a 


6000 y. 




p « 




500 y. 


n,lf 


. (4) 
• (S) 


(«) 


\ 0 « 

Am***-► Cm***-► Pu*»» 

IS h. S month* 


interesting aspects of their discovery is that, although some connect 
with and extend the three classical decay series, others are members 
of the missing fourth series, the so-called (4» -|- 1) series which is 
not found in nature. 

The Elbotsonio Confiouration of trb Tbansubanio Elbmbnts 
There was, prior to the discovery of the transuranic elements, 
considerable speculation as to the way in which the electrons in 
uranium and the elements immediately preceding it were grouped 
in the available electron shells. Two possibilities existed for the 
elements beyond actinium, which appeared to have a single valency 
of three and was therefore considered as an analogue of lanthanum. 
In the succeeding elements, thorium, protoactinium and uranium, 
either the 5/ or the 6d orbits could be filled. The first arrangement 
would mean that these elements formed part of a hew series analogous 
to the rare earths, while the second would lead to a new series of 
transition elements, some members of which would resemble the 
platinum metals. The discovery of the transuranics has brought 
this issue to the fore. The evidence available shbws that there 
is only a small difference in energy between the 6/ and 6d orbits. 
In thorium and possibly also protoactinium the latter are filled 
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preferentially, whereas in uranium and the elements which fi^w it is 
clear that the 6/ shell is occupied. 

The physical evidence bearing on this point is very incomplete, 
but the atomic spectra of thorium and uranium have been studied 
and the former is found to have the four valency electrons in 
Uranium on the other hand has the six valency electrons 
in 5f^6d^7a*.* Since uranium has electrons in the 6/ shell there is 
a strong presumption that in the following elements this shell will 
be further developed. Additional support for this viewpoint ia 
provided by the absorption spectra of compoimds of uranium and 
the transuranics. It is known that the tervalent rare earth ions owe 
their colour to trmisitiona in the 4/ levels and that, because of the 
deep-seated nature of these levels, particularly sharp absorption 
bands result. Observations with aqueous solutions containing ions 
of the transuranics show a type of absorption very similar to that 
found for the rare earths. Even more striking are the results 
obtained with solid ionic crystals. Solid americium trichloride, for 
example, gives very sharp absorption bands which are from 1 to 
6 A. wide. 

Magnetic susceptibility measurements also support the hypo¬ 
thesis that the 5/shell is in process of being filled in the transuranics. 
Unfortunately the exact paramagnetism to be expected on the basis 
of either 5/ or 6d electrons cannot be readily predicted. There is, 
however, a general similarity between observed values and those for 
rare earth ions with a corresponding number of electrons above the 
rare gas core. The following values are quoted by Lister (too. cit.) : 


Ion. 

No. of Electrfins 
AlHive Eu Coro. 

Moment 

Ion. 

No orKleotroni 
above En Core. 

Moment 

NpO,*+ . . 

1 

2*40 

i U»+ , . . 

3 

320 

NpO,+ . 

1 2 

2-96 

Np<+ . . 

3 

3*03 

PuOg3+ . . 

2 

2-95 

|Pu«+. . . 

4 

1*80 

U*+ . . . 

2 

2*91 


5 

0*90 

i 


1 

Ain»+ . . 

6 

0*8 


Further support for the rare earth analogy comes from measure¬ 
ments of the ioi radii. The structures of a surprisingly large 
numbqr of crys e compounds of uranium, neptunium, plutonium 
and aniericium ha now been determined and it is possible to assign 

* This terminol is used to describe the distribution of electrons, 
their main shells ber numbered from 1 to 7 with increasing distance flrom 
the nucleus. In main shell thore are subsidiary groups of eleotrons 
(«, p, d,/). The 'tion 0/*6d*7s* thus means that there are S eleotrons 

in tile / group of the shell, one in the d group of the sixth shell, and two 

in the s group of the ith or outermost shell. 
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definite radii to the ions. The following data, quoted by Lister 
{loc, ait.), are based on measurements made on trifluorides, trichlorides, 
trilnromidee and dioxides: 


KlemAni. 

Ac 

Th 

Pa 

V 

Np 

Pu 

Am 

Badius of tervalent ion in A 

111 

— 

— 

104 

102 

101 

100 


Rare Karth. 

La 

Ce 

l»r 

Nd 

— 

8m 

Ku 

Radius of tervalent ion in A 

104 

102 

100 

0-99 

— 

0-98 

0-97 


The contraction in radius for the rare earth ions with increasing 
atomic number, which is known as the lanthanide contraction, is 
due to an increase in the effective nuclear charge (t.e. the nuclear 
charge minus the screening effect of the other electrons) with atomic 
number. This arises firom the fact that the screening effect of the 
extra electrons in the 4/ shell does not compensate for the increased 
nuclear charge as the series is ascended. As a result the outer 
electrons, the position of which determines the ion size, are drawn 
closer to the nucleus and the ions become progressively smaller until 
the 4/ shell is completed. It is probable that the same cause is 
responsible for the steady decrease in the size of the transuranio 
ions, though a similar contraction in ion size would accompany the 
fillin g of the fid orbitals. 

The chemical evidence for the rare earth analogy is at first sight 
far lees convincing. Uranium, for example, is most stable in the 
sexavalent state, whereas, if there were a complete analogy with 
the lanthanides, it and the transuranics would be predominantly 
trivalent. The 6/ electrons are, however, further firom the nucleus 
than axe those in the 4/ shell of the rare earths and are therefore 
more likely to be removed by oxidation. On this basis, it is not 
surprising that higher valencies appear. The lower valency states 
of the transuranics become more stable as the series is ascended and 
curium resembles gadolinium closely in having a unique valency of 
three. Tbete is also a striking point of similarity between americium 
and eqropium in that both have a valency of two. These points 
are discussed in greater detail in the following section. 

The Chemistby of the Tbanshranios 

The chemistoy of these elements, and that of plutonium in 
particular, has been extensively studied during the lost decade. 
Initially Uie quantities used were extremely small and tracer 
teohniqtms were largely employed. As the wmrk developed, however, 
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visible and weighable amounts became available and nomal mioto- 
chemical methc^a were applied. The hazards arising from the radio¬ 
active character of the transuranics have limited most of the chemical 
studies to this scale of operation. 

The transuranics behave chemically as if they were part of a 
second rare earth group, rather than of a new group of transition 
elements analogous to the platinum metals. As has been pointed 
out already, this does not imply a principal valency of three through¬ 
out the group and, in fact, Wh neptunium and plutonium have 
valencies ranging from three to six which parallel those of uranium. 
Curium, however, has, as far as is known at present, a single valency 
of three, but americium has valencies of two, three and almost 
certainly also of five and six. 

The ions known to be formed in solution &re shown below: 


UO,+ 

U‘+ 

u*+ 


NpO, 

NpO,+ 

Np*+ 

Np»+ 


1+ 


PuO,*+ 

PuO,+ 

Pu*+ 

Pu»^ 


AinO,*+ 


Am»+ 

Am**** 


In the case of uranium the uranyl ion, UOt* represents the most 
stable state. Moderately strong reducing agents convert it to the 
U(1V) and U(III) states and there is good physicochemical evidence 
that the ion UOt'*'also exists in solution, though it readily dispropor- 
tionates.* Neptunium gives an analogous series of ions, but sexi- 
valent neptunium is more difficult to prepare than the corresponding 
state for uranium while the quinquevalent state is more stable in 
aqueous solution. Plutonium forms analogous ions but the drift in 
their relative stabilities results in Fu(iy) being the most stable sta*^e. 
It is very readily formed from Pu(VI) and is also reduced to Po(III) 
by reagents such as sulphur dioxide or the iodide ion. The relative 
stabilities of these states is shown by the following table of potentials 
relative to the normal hydrogen electrode, in which the smaller 
negative potential indicates that the oxidised state of the couple is 
more stable (Lister, loc. cit.). The values quoted are for M-hydro- 
chloric acid solutions; 


Ck>uple. 

V 

Np 

Pu 

m/iv .... 

-f 0*03 

- 014 


iv/v .... 

- 0*55 

- 0*74 


V/VI . . . 

-0*06 

- M4 



* Disproportianaticm is a term xised to describe the change of a compound 
in a single valency state into two compounds, one with a higher and one 
with a lower valency state. 
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Curium id not known to form ions analogous to those of the higher 
valency states of uranium, neptunium and plutonium. Americium, 
on the other hand, may be reduced to a bivalent state, or oxidised to 
Am(V) or Am(VI). In the sexavalent state it is probably present 
as the americyl ion, AmO***‘+, since it forms with sodium acetate 
a compound NaAmO|iAo„ which is isomorphous with the corre¬ 
sponding uranium and plutonium derivatives. 

Many compounds of the transuranics have now been prepared 
both by ionic and by dry reactions. Metallic neptuniunr, plutonium 
and americium are obtained by reduction of the fluorides with 
barium vapour. The fact that so vigorous a reducing agent is 
nec€»38ary emphasises the basic character of these metals and their 
essential difference from the platinum metals. Various oxides are 
also known, as is shown by the formulas tabulated below, though 
it is Ukely that others remain to be discovered. 


UO 

NpO 

PuO 

P.i,0, 

Pu.O, 

AmO 

UO* 

NpO, 

PuO, 

AmOj 

u*o* 

Np,0, 



UO* 





Orthodox methods have been used, in the main, for the prepara¬ 
tion of these compounds, though much of the work has been done on 
a very small scale. Many have been examined by X-ray methods 
for the determination of their structures. Thus the monoxides UO, 
NpO, PuO and AmO are known to have a crystal structure of the 
sodium chloride type, while the dioxides UO„ NpOg, PuOg, AmO* 
and also ThO* have a fluorite structure. Similar structural studies 
have been made on many other groups of compounds (e.p. the halides, 
nitrides and carbides) and this work, much of which has been done 
by W. H. Zachariasen and his co-workers, has been of immense 
value in opening up the new field. The methods of X-ray analysis 
have proved to be readily applicable to the examination of small 
quantities, the only major complication being the blackening of the 
photographic plate by strongly radioactive sjTCcimens during their 
study. 

Hydroxides of the lower valency states are readily precipitated 
from solution, the trihydroxides of neptunium and plutonium being 
readily oxidised. Americium hydroxide, however, is a stable pink 
gdatinous substance. In the sexavalent state plutonium resembles 
uranium in that it shows acidic properties, plutonates and poly- 
plutonates being readily formed. This behaviour is also observed 
with neptunium though not with americium and curium. Plutonium 


i 
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differs from manium, however, in that solutions containing the 
plutonyl ion are reduced by hydrogen peroxide with precipitation of 
peroxy complexes of quadrivalent plutonium which are probably 
analogous to those of thorium. Uranium under similar conditions 
forms hydrated UO 4 , which is a U(VI) derivative. Several sulphides 
of neptunium and plutonium (NpgSa, NpOS, PugSa and PugOgS) have 
been prepared by dry reactions, such as that between an oxide and 
hydrogen sulphide. All are derived from valency states of four or 
less, the trisulphides being isomorphous with UgSg. 

The general parallel between manium, neptunium and plutonium 
may be further illustrated by the halides and oxyhalides. Thus 
hexafluorides of uranium and neptunium may be prepared by direct 
fluorination of the tetraflnorides and are very simihir. Ihe existence 
of plutonium hexafluoride is, however, not fully established : it is 
certainly less stable than the neptunium compound. Neptunyl and 
plutonyl halides of the type MOgXg are known correspon^g to the 
uranyl halides. The tetra- and trifluorides of these two elements, 
like the uranium compounds, are insoluble and may either be 
precipitated from aqueous solution or prepared by hydrofluorination 
of the oxides. Neptunium tetrachloride and tetrabromido are 
known, but the corresponding plutonium compoimds have not been 
isolated, attempts to prepare them leading normally to the more 
stable trihalides. Tn addition to the simple halides, both neptunium 
and plutonium form a number of complex halides coirespcmding in 
some cases to thorium and uranium complexes. 

Apart from the halides, many other salts of the neptunyl and 
plutonyl radicals and of the quadri- and tervalent ions of thjse 
elements are known, and in a number of instances are isomorphous 
with the corresponding uranium compounds. Numerous derivatives 
of plutonium with organic complexing agents have also been 
described. Uranium and plutonium metals both combine with 
hydrogen, the products bemg interstitial hydrides the formulae of 
which approximate to UHg and PuH,. A plutonium nitride, PuN, 
and a carbide, PuC, have likewise been described and correspond 
to the luanium compounds UN and UO. 

Americium and curium are, on the whole, much less well known 
and our knowledge of their chemistry is still based largely on the 
results of tracer studies. It is, however, known that americium 
may be oxidised to higher oxidation states (probably Am V and 
Am VI). The trihalides and trisulphide (AmgSg) have been prepared 
and the hydroxide Am(OH)g when ignited at 1000® form the black 
This, on reduction in hydrogen gives the oxide AmO, 
whicB^is isomorphous with UO and NpO. The ion Am*+ is also 
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believed to exist, since sodium amalgam reduction of a solution 
containing Eu*+, Sm»+, Am’^" and Cm*+ leads to precipitation of 
insoluble europous sulphates with which americium is ooprecipitated. 
Curium does not follow americium either in this reaction or on 
oxidation. 

The difficulties of working with curium are well illustrated by 
L. B. Werner and 1. Perlman’s separation of pure curium compounds 
from americium. The isotope studied was Cm®**, which may be 
prepared by the neutron irradiation of Am*** (Am***(n, y)Am***: 

Am*** ——► C’m***). It is an a-emitter with a half-life of 6 months, 

and gives seven billion disintegrations per minute per microgram 
of Cm***. As a result of this decay, which amounts to roughly 
0-6 per cent, per day, its solutions will always be contaminated with 
the decay product, plutonium, and there is also considerable 
radiation hazard. 

The problem of separation of curium from the large excess of 
americium with which it was associated was rather similar to that 
of separating adjacent rare earths. The most satisfactory method 
was to use a cation exchange resin (Dowex-60), as has been done 
recently with rare earth mixtures. The americium and curium were 
adsorbed from pH 1*6 citrate solution in the top layer of a glass 
column packed with the ammonium form of the resin. A 0-25 M 
citrate solution at pH 3-05 was then passed slowly through the 
column, and because of diffdiences in the ion-exchange equilibrium 
and the strengths of the citrate complexes, the americium and 
curium were eluted at different rates, the curium being washed out 
preferentially. By measuring the activity of successive 2-ml. 
samples fi^^m the column it was possible to obtain a cut containing 
almost pure curium and another containing almost pure americium. 
From this curium-containing fraction the trifluoride was precipitated 
in presence of argentic silver, which served to oxidise the accumulated 
daughter element, Pu***, to a fluoride-soluble state. With curium 
solutions obtained in this way it was shown that the trivalent ion 
showed practically no light absorption in the visible spectrum, but 
absorbs strongly below 4600 A. This is an interesting pomi of 
similarity with the corresponding rare earth gadolinium, the absorp¬ 
tion of which is also limited to the ultraviolet. 

Prombthbttm 

The search for an element of atomic number 61 in nature has 
been carried out by various investigators with very great care, but 
the only evidence for its existence is that neodymium (Z si €0) is 
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probably /3-active. From what ha« already been said it is cle« that 
synthesis of this element from neodymium by neutron irradiation 
should be feasible. In fact, several isotopes have now been made, 
the best known being Pm‘*^ Pm*“ and Pm“*. The production of 
the prometheum isotope Pm**’ in the fission of U”*. occurs with a 
yield of 2-6 per cent., i.e. this isotope is found in 2*6 per cent, of all 
fission, and very considerable quantities will then be produced in 
a pile during operation. The same isotope is also produced if 
neodymium is subjected to neutron irradiation in the pile 

(Nd***(n, y) —>• Nd**’—► Pm**’). The separation of prometheum 
from other fission products is a diffictdt operation chemically and 
also because of the high-level activity encountered if more than 
tracer ammmts are sought. The ion exchange method has been 
applied with great success. This entails in the first place absorption 
of all the cations present on a column of the synthetic phenolic 
exchange resin known as amberlite. The following steps are: 

(1) Removal of Bu by washing column with water and dilute 

HjSO*. 

(2) Removal of Zr and Nb with 0-6-0’7 per cent, oxalic acid. 

(3) Fractional elution of the rare earth fission product (including 

prometheum) with a citrate solution at a controlled pH. 

(4) Removal of caesium from the fractions containing prome- 

theura. 

The final separation of promethetim is done by elution from a fresh 
column, the process being controlled throughout by observing the 
radioactive characteristics of the material eluted. 

Relatively little has as yet been published about promothoum : 
the most conclusive evidence for the identity comes from the photo¬ 
graphy of the X-ray emission spectrum, which gives lines in the 
position predicted by Moseley’s Law. Linos in the optical emission 
spectrum have also been photographed. The chemistry of prome¬ 
theum even when it is known in detail is unlikely to present points 
of special interest since it is certain to be that of a normal rare earth. 
Both the nitrate and the chloride have been described. 

Tbchnktium 

The discovery of this element was claimed in 1926 by Noddack, 
Tacke and Berg, at the same time as they discovered rhenium. It 
was named masurium. The evidence for its existence in nature is, 
however, very questionable and the early observations have never 
been confirmed. The first investigation of artificially radioactive 
isotopes of technetium was made by Ferrier and Segr^ in 1937. 
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They examined a molybdenum target which had been bombarded 
with deuterons and secondary neutrons in the Berkeley cyclotron. 
The smrface of the target was dissolved in ammoniacal hydrogen 
peroxide, and molybdenum was removed with 8 -hydroxyquinoline. 
A low energy /9-activity was observed which was shown to bo 
separated from the solution with a rhenium carrier, but not with 
molybdenum, niobium or zirconium, radioactive isotopes of which 
might have been found in the original bombardment of molybdenum. 
With the material obtained in this way a number of tracer studies 
were carried out. Thus it was shown that the technetium could 
be deposited electrolytically on platinum, the deposit being volatile 
in air at 300°. It was also precipitated quantitatively with rhenium 
in 0-4-6 NHCl as sulphide. These observations, however, were made 
with minute amounts of material and it was not possible to obtain 
material for macrochemical studies by the use of the cyclotron. 

Technetium is one of the relatively abundant fission products 
of uranium (6 per cent.), and material from this source has enabled 
some more definite information on the element and its compounds 
to be obtained. The starting material for the isolation of technetium 
is uranium taken from the pile and containing a mixture of fission 
products. This is dissolved in concentrated hydrochloric acid, and 
uranium tetrachloride is oxidised to uranyl chloride by hydrogen 
peroxide. Platinum chloride is added and hydrogen sulphide 
passed at 90°, when platinum sulphide is precipitated with other 
acid-insoluble sulphides, including that of technetium (TcjS^). 
After dissolving the sulphide precipitate in ammoniacal hydrogen 
peroxide and evaporating to dryness with the addition of bromine, 
the residue is distilled with 18-N sulphuric acid, when technetium 
distils as the oxide. To obtain the technetium in a state of radio¬ 
chemical purity it is recycled several times through sulphide precipi¬ 
tations and sulphuric acid distillations. The isotope of technetium 
found in fissions is To**, which is an emitter of fi-i&ys with a maximum 
energy of 0-32 M.e.v., and a half-life of 4*7 x 10 * years. The long 
life and the low energy of the /^-particles make this material particu¬ 
larly suitable for chemical studies and there is no doubt that, in 
time, the general chemistry will become as well known as that of 
rhenium. At present, however, detailed chemical information is 
slight. The formation of an insoluble sulphide, TotS 7 , is known, 
as is the formation of pertechnates such as NH 4 TCO 4 , which are 
analogous in type to the permanganates and perrhenates. The only 
evidence at present for the existence of lower valency states of 
technetium is the fact that it is oopreoipitated with mangmiese 
dioxide and manganese salts in the presence of strong reducing 
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agentis. It is virtually certain, however, that in time pure com¬ 
pounds of the lower valent state of technetium will be prepared as 
more material becomes available. The optical and X-ray spectra 
have been examined and the metal has been prepared by reduction 
of the heptasulphide in hydrogen at 1000®. It is structurally related 
to rhenium and ruthenium. 


Astatine 

This element has not been detected in nature : it is the halogen 
below iodine in the periodic table. A number of well characterised 
isotopes have, however, been produeed artificially. That used in 
the chemical studies so far reported is the isotope At**^ which is 
produced when a bismuth target is bombarded with a-ptarticles of 
21-29 M.e.v. energy produced in the cyclotron. It is an a-particle 
emitter with a half-life of 7*5 hours, and the activity is so high as to 
preclude chemical studies on anything but a tracer scale. Thus a 
molar solution of a salt of this isotope would emit 1-64 x 10^* 
a-particles per c.c. per second, and most experiments have been done 
at concentrations of 10 *^ to 10"^® molar. 

The isolation of astatine from the irradiated bismuth target is 
effected by distilling off the astatine in high vacuum at the melting- 
point of bismuth, the halogen being collected in a narrow U-tube 
cooled in liquid nitrogen. It is then dissolved in concentrated nitric 
acid and diluted with water. The halogen-like character of the 
astatine has been established by a series of elegant tracer experi¬ 
ments carried out by Johnson, Leinenger and Segr^. Thus it was 
shown in a series of ionic migration tests that astatine invariably 
forms an anion, whether its solution be treated with strong oxidising 
or reducing agents. After reduction with sulphur dioxide or zinc 
astatine is precipitated with silver or thallous iodides, which is 
strong evidence that the astatide ion, At~, is produced under these 
conditions. Strong oxidising agents, such as hot persulphate, 
oxidise astatine to a state which is carried by silver iodate, and 
from this one may infer the existence of the ion AtO#". There is 
also some evidence for an intermediate oxidation state AtO", 
produced with moderately strong oxidising reagents. The ftee 
element is readily volatile, and may also be extracted firom solution 
with organic solvents. It also has a marked afSnity for a metallic 
silver surface. All of these observations bear out the analogy with 
iodine, though the observations are made with sub-micro quantities 
of material which are detectable and measurable only because of 
the great sensitivity of the methods available for counting a-partacles. 
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Francitjm 

This element, the missing member of the series of alkali metals, 
has a somewhat longer history than astatine, for Paneth in 1914 
observed that the actinium isotope Ac emitted some a-particles, 
although it decays mostly by /^-emission to form radioactinium. 
Since actinium is an element of the third group of the periodic table, 
the loss of an a-particle would naturally produce the alkali metal 
of atomic number 87. The nature of the branching in the decay 
of actinium has recently been more fully studied by Mile Perey, 
who has found that 1-2 per cent, of the disintegrations give a- 
particles the remainder giving very soft j8-particles. This is shown 
below, and it is soon that the francium isotope is a j3-etnitter of 
21 mins, half-life. 


Pa«» 



The francium available in tracer amounts from this source was 
shown to be coprecipitated with rubidium or ceesium perchlorates, 
the hexaohloroplatinates of potassium rubidium and caesium, and 
with the ohlorobismuthate or chlorostannate of caesium. These 
experiments establish the chemical relationship between francium 
and the alkalis. 

The separation of actinium from natural sources is very difficult 
and the element may be synthesised much more readily from radium 
by neutron irradiation when the following changes occur: 

Ra»i«(n, y) -► Ra»*»-Ac*”-!-► Fr*»» 

It is probable that future studies of the chemistry of francium will 
utilise material prepared in this way. It must be pointed out, 
however, that there is as yet no evidence of the existence of a long- 
lived francium isotope, nor is it established that non-radioactive 
franoium occurs in nature. There is not, therefore, any immediate 
prospect that this element wiU be studied on anything but a tracer 
scale. 



THE BODY ALPHA 

Ak Essay on thb Mbanino ot Bblativity * 

Bt PBoraasos WILLIAM WILSON. Pa.D., D.So.. FJtB. 

When the distinguished German mathematician, Carl Neumann, 
was appointed Professor of Mathematics in the ancient University 
of Leipzig, he discussed in his inaugural lecture, delivered exactly 
eighty years ago (November 3, 1869), the principles on which the 
mechanical theory of Galileo and Newton is based [ 1]. His discussion 
of old difficulties is almost forgotten now; but it is of great interest 
and its main features constitute, as it were, the text on which this 
essay is a commentary. 

Naturally he had much to say about the inertial law of Galileo, 
familiar to us in the form given it by Sir Isaac Newton (first law of 
motion). Neumann enunciated it in the following way : “ A particle 
in motion will, if not subject to any external interference, «.e. if 
left completely to itself, continue to move in a straight line and will 
travel eqval distances in equal times.”t 

Stated in this way the law, as the lecturer pointed out, is mean¬ 
ingless, since it contains no indication of what is to be understood 
by motion in a straight line.X Motion which is rectilinear with 
reference to a rigid frame fixed in the earth for example will, as he 
indicated, be motion along a curved line, when referred to a frame 
fixed in some other planet. In order that the law, as stated, may 
have a meaning—and it appeai-ed to Neumann that Newton’s 
mechanics was so extraordinarily successful that his laws of motion 
must admit of precise definition and a clear metming—he contended 
that there must be somewhere in the imiverse a special body which 
can provide a basis for our judgments of motion and in particular 

* The somewhat amplified content of a lecture to the Mathematioal and 
Physical Society of Bedford College on Nov. 3, 1949. 

t Ein in Bewegung geae^zter materieller Punkt Ittuft, falls keine fremde 
Ursache auf ihn einwirkt, falls er voUstSndig sioh selbst fiberlaasen ist» in 
gerader Lime fort, und 1<^ in gleioh^ Zeiten ffieiche Wegechnitte 

I Equal distances and equal times also require definition; but the 
problems they raise are not very difficult ones. 

692 






THB BODY ALPHA 


623 

for deciding when motion ia, or is not, reotilinoar. This siMcial 
body, which he called the body Aupiia, is necessarily perfectly 
rigid. Neumann uses the word Kdrper, meaning body; but he 
realises that a suitable set of points (not fewer than three), forming 
a rigid configuration, will serve {op. dt., p. 20, Note 6) and the 
existence of his body Alpha appeared to mean for him the possibility 
of making and using suitable observations to specify such a rigid 
configuration. 

Neumann spoke of velocities relative to his body Alpha as 
absolute —which caused him to be misunderstood by Ernst Mach 
and like-minded contemporaries [2]—but he was in fact one of the 
earlier relativists and perhaps the first to enunciate clearly what 
may be called the Principle of Newtonian Relativity. This he 
expressed by saying that any other rigid firamo of reference, moving 
with a constant velocity of transhiticm relative to the body Alpha, 
serves equally well for the expression of the laws of Newtonian 
mechanics {op. cit., pp. 21 and 22). Otherwise expressed, the 
equations of Newton’s mechanics have the same form in all such 
reference systems—now sometimes termed inertial systems. 

It is of interest to re-call that Einstein’s earliest statement of his 
Principle of Relativity —^later called the Special Principle of Relativity 
—^was that the same electrodynamical and optical laws arc valid in 
all co-ordinate systems in which the mechanical equations hold, in 
other words, in all inertial systems [3]. His earliest approach to 
the theory of relativity therefore rested on the possibility of defining 
the ensemble of inertial systems, and this may be regarded as achieved 
when one inertial system-—Neumann’s body Alpha in fact—has 
been found. 

What we learn from Neumann’s exposition may be shortly 
summarised: 

(i) It is obviotu that Newton’s mechanics approximates closely 
to known facts, though of course we should qualify such a statement 
today by excepting second order small quantities and microphysical 
phenomena. 

(ii) It indicates the existence of an ensemble of inertial systems 
capable of definition or specification in terms of observation. We 
might, for example, start with a system fixed in the earth, when 
we should find that the axis of a spinning gyrostat—^firee to turn 
about its centre of mass—^would rotate relatively to our reference 
system. Our next step would then be to adopt a new system 
relativdy to which the direction of the axis of the gyrostat would 
remain invariable. In 1913 the Swedish astronomer Charlier 
observed that the plane of the ecliptic was rotating relatively to 
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the stars in the Milky Way with a period which he estimated to be 
370 million years. Now this plane, like a plane perpendicular to 
the axis of the spinning gyrostat, is invariable when referred to an 
inertial system. So the inference was that the stars of the Galaxy 
are rotating relatively to an inertial system. It appears that we 
may approach asymptotically towards such a system by observa¬ 
tional procedure. 

Neumann’s preference for assigning priority to a unique inertial 
system—^his body Alpha—^rather repels us today ; but wo shall see 
presently how suggestive it is. 

(iii) He insisted that phjrsical theory should be based on clearly 
definable principles rather than on the assumption of the existence 
—as Helmholtz had preferred—of a system or sjrstems of simple 
forces .(op. cit.. Note 9) and he contemplated (under the influence 
of Rieraann’s famous essay) the possibility of a continuum of more 
than three dimensions, the description of which might possibly 
involve complex numbers—a remarkable intuitive prevision of the 
development of the relativistic theory of forty years later (op. cit.. 
Note 10, and [4]). The preference for basing physical theory on 
principles and the elimination of systems of forces from the founda¬ 
tions on which the theory rests was not new in Neumann’s day. 
We meet it in the principle of least action of de Maupertuis (ca. 1745) 
and in the more complete principle which Sir William Hamilton 
enunciated some ninety years later [5]. There is no mention of 
force in these fundamental statements. This does not mean the 
abolition of the conception of force. Bertrand Russell [6] writes : 
“ The conception of ‘ force,’ which was prominent in the work of 
Galileo and Newton, turned out to be superfluous and was eliminacod 
from classical dynamics during the nineteenth century.” This of 
course is a misapprehension. Hamilton’s canonical equations, for 
example, which follow out of his principle, contain the rate of 
change of the components of a generalised momentum, i.e. they 
provide expressions for a generalised force. Forces, in the old sense, 
continue to be prominent in the expression of physical relationships ; 
but they are, one may say, being eliminated from the foundations 
on which physical theory rests. 

Wo now roach the main theme of this essay : the deeper study 
of Neumann’s difficulties, while keeping his body Alpha and his 
other suggestions in mind; and it is convenient, at this point, to 
remind the reader of a rather special group of transformations from 
one inertial system to another. It is illustrated by two inertial 
systems of rectangular co-ordinates with co-incident X axes, parallel 
Y axes and one in motion relative to the other with the constant 



THE BODY ALPHA 


625 


velocity, v, in the common X direction (Fig. 1). 
origins to be coincident at the „ 
instant t = 0, the equations of |' 
transformation are of course 1 


y' = y, > . . . (1) 

z' —z J 


and it is well to add, for the sake 
of subsequent comparison with the 
Lorentz transformation, 


h— 


0 




Assuming the two 

ir 


_2y<' 

Fio. 1. 


It follows from these equations that 

a;' X 

or Wy — v,"! 

> . (hO 

u, - J 

where Uy and w, are the components of the velocity of a particle 
in X, Y, Z and Uy and the components of its velocity in 
X', Y', Z'. A very important feature of the transformations of 
Newtonian mechanics is the fact that the components of vectors 
transform in the same way as do the corresponding components of 
a displacement. Similarly the components of a state of stress (or 
also of a state of strain)—there are nine of them—^transform like 
the products of the corresponding pairs of the components of two 
displacements. All these things are now called tensors. Scalar 
quantities, i,e, those which remain unchanged in the transformations 
which concern us, are tensors of rank zero ; vectors are*^tensors of 
rank one ; a system of stresses constitutes a tensor of rank two and 
so on and the laws of physics are expressed, even in Newtonian 
physics, by equating the like components of tensors of the same 
rank. This may indeed bo regarded as an alternative statement of 
the principle of relativity. 

Let us now approach Neumami's problems in a somewhat 
difiFerent way, which is, however, suggested by liis discussion and 
by his body Alpha. We ask ourselves : What is the source of liis 
difficulties and those of Mach and others of their time—difficulties 
which were rendered still more formidable a little later by the 
experiments of Miohelson and his collaborators and by the facts of 
optics generally and electromagnetism and the incidence of Maxwell’s 
electromagnetic theory ? The answer lies at hand. It is to be 
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found in the fact of temporal change. If vie could contemplate a 
rigid world—a world in which changes did not occur—difficulties of 
the type discussed by Neumann would be entirely absent. The 
whole world would be the body Alpha. This suggests that we 
should attempt to construct a rigid world which, though rigid and 
unchanging, will somehow contain our changing spatial one. Clearly 
this can be done by adding an extra dimension to this latter and 
assuming the resiilting 4-dimensional world to be rigid. The extra 
co-ordinate axis thus introduced may be labelled W and no formal 
distinction will be made between it and the other axes X, Y and Z. 
A section perpendicular to the W axis represents the spatial world 
at an instant '* and as, in a rigid 4-dimen8ional world, sections 
perpendicular to one of the axes, in particular to the W axis, at 
different points on it, may well be different from one another, we 
have a way provided for dealing with changes, while still con¬ 
templating a rigid world. We shall use the letters x, y, z and w for 
distances measured along the X, Y, Z and W axes respectively, and 
naturally we adopt at first the Euclidean typo of geometry, associat¬ 
ing with it a very obvious hypothesis (which we shall have to modify 
in a formally trivial degree later) namely 

w = kt, . . . . • ( 2 ) 

where t means the time and k is (provisionally) a positive constant. 

Our next step is to endeavour to elucidate the significance of the 
ensemble of Neumannian inertial systems. Wo must surely find 



it in the rigid framework of the 4-dimen8ional world. Let us study 
the simplest transformation in which the W axis is involved—a 
“ rotation *’ of X,Y,Z,W into X',Y',Z',W' about a common origin. 
Let X, y, z and w be the co-ordinates of some point (point event), 

* This suggestion appears in H. G. Wells’ Time Machine published in the 
*niuetios. 
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P, in X,Y,Z,W and y', *' and w' those of the same point in 
X',Y',Z',W' (see Pig. 2). If we confine our attention to the simple 
special case for which y —y' and s = it is clear that 


x' -- X cos ^ — w sin ^.1 



w" = X sin <f> -f w cos tf>,) 


if> being the angle indicated in the iignre. 

Points on the W' axis obviously represent—in the old space¬ 
time description of physical events—a point which is at rest in 
the spatial co-ordinate system X',Y',Z', since for such points 
y' z' — 0 and a:' = 0 at all times t', for they vanish for all values 
of u)' and it will be recalled that to' ~ kt'. Obviously those points, 
representing a single point at rest in the spatial system X',Y',Z', 
must represent one in motion in the spatial system X,Y,Z ; since, 
as the figure indicates, the larger to {= kt), the bigger is x (Pig. 2). 
Furthermore 

tan ^ - x/vo =- constant, 
or tan <f> « x/kt — v/k = constant. 

Plainly the two systems, X,Y,Z,W and X'Y'Z'W', represent, in the 
old space-time language, the two systems X,Y,Z and X',Y',Z', of 
Fig. 1, with co-incident X,X' axes, the latter moving with the 
constant velocity, v, relative to the former, in the common XX' 
direction. 

It is easily seen that 

cos ^ = (1 + v*/k^) - * . . • (^) 

which we may abbreviate by the letter y; 

008 ^ = y 

and the figure suggests the positive roof;. Obviously 

sin ^ = yv/k .... (4a) 
On substituting in equations (3) we get 


»' = y (05 — ] 

y’ -=y, 



These equations are difTerent from the classical transformation 
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(1), except when k tends towards infinity, and they lead at once to 
the following equations corresponding to (la); 


X 



The suggestion arises naturally that we should enquire about 
the consequences of introducing the result of the experiments of 
Michelson and Morley. We therefore assume that the velocity of 
light in free space—^usually represented by c—^has the same value in 
both the spatial reference systems X,Y,Z and X',Y',Z'. Let us think 
of a beam of light (photons) travelling in the X direction with the 
velocity c (in the system X,Y,Z). Then u^ — c and —u, — 0. 
Clearly u, = u'^ = 0 and the Michelson-Morley result therefore 
requires 

tt. 

When this is substituted in (6o) we find c*/h* == — 1, or 

k* = - c* 

and k *= V — i x c. 

Naturally we modify the original assumption about k —as we 
anticipated we might have to do—^by assuming X;* to be negative 
and equal, numerically, to the square of the velocity of light in free 
space. Distances measured along the W axis thus turn out to be 
imaginary (in the mathematical sense of the term) and, as we have 
seen, Neumann suggested (eighty years ago) the possibility that a 
continuum of more than three dimensions might have to be adopted 
and that its description might involve complex numbers. 
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On substituting for k in the equations (6) we get the famous 
Lorentz transformation 



and of course 

y = (1 - wVO-V* .... (7o) 

The result of the Michelson-Morley experiment was not the only 
difficulty which bothered the physicists of sixty-odd years ago. 
There was another puzzling thing, which in fact was what Einstein 
dealt with in the paper already mentioned and the study of which 
led him to the complete form of the old Voigt-Lorontz trans¬ 
formation, given by (7). He illustrated the difficulty by the example 
of a coil of wire (which we may think of as including a galvanometer 
in series) and a magnet. If tbe coil be left at rest on the laboratory 
bench and the magnet suitably moved in its neighbourhood, the 
galvanometer indicates a current. The result is precisely the same 
yi every detail when the magnet is left at rest and exactly the same 
rdative movements are made by shifting the coil. Such is the fact; 
but according to the old interpretation of electromagnetic phenomena 
the consequences were expected to be different and in fact the 
electromagnetic equations of Clerk Maxwell do indeed change their 
form when we pass from the system in which the coil is at rest to 
that in which the magnet is at rest and use the equations of trans¬ 
formation (1). It was the requirement (Einstein’s principle of 
relativity) that they shall not change their form on transformation 
from one inertial system to another (combined with the Michelson- 
Morley result) that brought out the equations (7) and indeed it was 
this kind of requirement which led Voigt (1887) and later Lorentz 
to the same transformation, or to one very like it. 

We have reached the equations (7) by the study of an older 
problem and the suggestiveness of Neumann’s body Alpha. Wo 
were thus led to equations (3), which are (at least formally) equiva¬ 
lent to the Lorentz transformation (7). It was Hermann Minkowski 
who first introduced the 4-dimen8ional world picture (described 
above) as a way of interpreting Einstein’s special theory of relativity 
(1908) [7]. 

We have in effect constructed a new body Alpha, represented 
by our rigid 4-dimensional world. It has banished the one un¬ 
satisfactory feature in Neumann’s original suggestion, since it 
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comprehends the whole ensemble of inertial systems and the onweloome 
prominence given to a unique inertial system is now eliminated. 
Individual inertial systems are now represented by X,Y,Z,W, co¬ 
ordinate systems in the rigid 4-dimensional world which plays the 
part of Neumann’s body Alpha ; but we have not yet reached his 
ideal—^abolition of forces as fundamental things (*.e. as part of the 
foundation on which physical theory rests) in favour of principles. 

We still have to admit into our foundations, not only a gravita¬ 
tional force and a law of gravity; but also the seemingly quite 
unrelated electromagnetic forces. The ideal is some general principle 
from which all these things emerge and which relates them to one 
another. We have a strong hint as to what form this general 
principle should take. We find it in the stationary principles, 
already referred to, of Format, de Maupertuis and Ham’lton ; but 
before following it up we may note that Newton’s mechanical and 
gravitational theory is thoroughly well housed and represented in 
the Minkowskian 4-dimensional world. The laws of mechanics still 
retain the form given them by Hamilton, with a somewhat wider 
scope. Mass is no longer independent of velocity. In fact 

m = nio ..(8) 

where m is the m«ias of a particle, is its mass when at rest (in 
the system to which it is referred) and y is the factor defined by 
(7a). This relationship was known to H. A. Lorentz and it is a 
consequence of it, first noticed by Einstein, that 

E — me*, .... (8o) 

where E is the energy of a particle or system and m is its muSs. 
This of course is the famous mass-energy law. There is no longer 
an arbitrary constant associated with the energy of a body or 
system as there was in earlier times when only differences in energy 
had a meaning. The reason is that the special theory of relativity 
leads to 

(energy increment) = c* x (mass increment). 
Consequently 

(energy) = (mass) x c* -f (constant of integration); 

but obviously when the mass of a particle, for example, is zero it 
(the particle) is non-existent and we cannot associate energy with 
it at all. We must therefore take the constant of integration to 
bo zero. 

Electromagnetic and optical phenomena fit exoeedin^y well into 
the Minkowskian world. Maxwell’s equations now retain their form 
when we pass from one reference system (inertial system) to ano^er. 
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The famous Fresnel convection formula (convection of light) emerges 
simply from (6a) and (6). If i« the velocity of monochromatic 
light, travelling in the common XX' direction (Fig. 1) through a 
block of glass fixed in the system X',Y',Z', then is its velocity 
relative to the system X,Y,Z. Now 

% == c/n, 

n being the refractive index of the glass for the monochromatic 
light; so we have 

n I _ 

c* 

c/« + .(,_L) 

when we neglect second order small quantities and the small Doppler 
change of » as between the two reference systems X,Y,Z and 
X',Y',Z'. The factor 1 — l/»* is of course Fresnel’s dragging 
coeffioient. 

The account of stellar aberration, as given by the theory now 
being described, is not very 
different from that given by 
Bradley who discovered it. Let 
us suppose an X,Y,Z system of 
reference at rest relative to a star 
which is situated, we suppose, 
on the Y axis at y, this distance, 
y, being that of the star from 
the earth. The earth we may 
suppose to be fixed at the origin 
of X',Y',Z' (see Fig. 1). It is 
convenient to consider the in¬ 
stant when the two origins are 
coincident, as shown in Fig. 3. 

The old account of aberration 
represented^the light emitted 
from a star as a stream of cor¬ 
puscles, they reach the earth at 
O, travelling with the speed e in 
the direction of the Y axis, when 
referred to X,Y,Z. The old 
transformation (la) represents them as travelling in the direction 
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indicated in Fig. 3, relative to the system X',Y',Z' (fixed in the 
earth) with a velocity the components of which are 

u,= —v, 

= c, 

= o. 

The two directions are inclined to one another by the angle e and 

tan e = v/c. 

The only difference between this account of aberration and the 
modern one lies in the use of (5o) instead of (lo)—^it will be recalled 
that k* — — c*—so that 

sin e — v/c. 

We may add too that the corpuscular view of light, prevalent in 
Bradley’s day, has been revived in a modified form. A beam of 
light is a stream of photons. Electromagnetic waves still remain 
with a profoundly different interpretation [S) and there is no 
luminiferous medium. Before returning to the problem of achieving 
Neumann’s ideal of eliminating systems of forces (in favour of 
principles) in the foundations of physical theory it may be remarked 
that the rigid 4-dimensional picture of the physical world has no 
room in it for those paradoxes, such as the clock paradox, which 
still continue to give rise to fruitless argument. When we pass 
from one system ef reference, e.g. from X,Y,Z,W to X',Y',Z',W', we 
do not in the least interfere with the physical processes which are 
referred to them, no more than do we interfere with a rigid structure 
in Euclidean apace when we change from one reference system to 
another. The difference between the w co-ordinates of two points 
(point events) in our rigid 4-dimensional world has not of course the 
same value as the difference between their w* co-ordinates; or to 
put it in another way : the corresponding time intervals in the two 
systems have different numerical values. Bertrand Russell (op. cit., 
p. 291) describes a form of the so-called clocl^ paradox, which he 
ascribes to Professor Beichenbach. A rocket projectile travels from 
the earth to Sirius and takes, shall we suppose, 60 years to do its 
journey, the time being that appropriate to the 83 rBtem X,Y,Z with 
its origin fixed in the earth, louring that time the passengers, even 
if they are quite young when they start, will be old when they get 
as far as the star. K the appropriate value of the factor y (7a) is, 
shall we suppose, 6, then the time of the journey, referr^ to the 
system X',Y',Z' with its origin fixed in the projectile, will be 60 years 
divided by 6, ♦.«. only 10 years 1 Now Professor Reiohenbaoh’s 
puzzle appears to be that the passengers will find themselves quite 
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youthful when they arrive, while in fact the earth has revolved 60 
times round the sun as observers on the earth would testify. We 
have reliable information as to the change in the passengers from 
observations made on the earth, ».c, in the system X,Y,Z, and the 
mere changing of the system of reference, though it makes the time 
reckoning diCFerent, does not cause them to retain their youth. 

Let us now turn to the main problem, that of attaining Neu¬ 
mann’s ideal. Einstein’s greatest achievement was his successful 
elimination of gravitational force from the foundations of mechanics 
[8]. It is characteristic of a gravitational field, as Einstein remarked, 
that it imparts the. same acceleroHon to all bodies.* It is a consequence 
of this that a gravitational field can be got rid of locally and tem¬ 
porarily by a suitable choice of a reference system— e.g. a reference 
system fixed in a freely falling lift. Relative to such a system the 
motion of a particle in the small neighbourhood within the lift and 
for a short time will approximate to Newton’s first law. Moreover, 
a field with the characteristics of a gravitational field can be created 
by the choice of a reference system. When the brakes are suddenly 
applied to a train the passengers in a compartment are projected 
forwards. Referred to a s)rstem of spatial co-ordinates flLxed in the 
compartment, they are in a field of force of the gravitational kind. 

Reflections of this kind led Einstein to a new principle which he 
called the principle of equivalence, according to which gravitational 
fields are of the same nature as those which are created or modified 
by changing the system of reference. He made progress by adopt¬ 
ing a 4-dimen8ional world which differed from that of Minkowski, 
already described, in a way which may be shortly indicated by 
comparing the former to the 2-dimensional continuum represented 
by a curved surface, a spherical surface for example, and the latter 
to a plane srirface. In the case of the plane surface we can choose 
a co-ordinate system in such a way that the square of the distance 
between any two specified points is equal to the sum of the squares 
of the differences of their co-ordinates: 

(M) {Interval)* = (a:, — Xi)* + (y, - pj)* 

(theorem of Pythagoras). In such a continuum the geodesics are 
' straight lines. A geodesic, it may be explained, is a line with the 
property that the distance measured along it between two fixed 
points has a stationary value. In the case of the curved surface, on 
the other hand, geodesics are not straight lines and the square of the 

* First experimuitally demonstrated by Sir Isaao Newton and com¬ 
paratively reooatly with great thoroughness by the Hungarian, Edtvte. 
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interval between two neighbouring points has the form 
(R) ds* — ffu da: d* + dx dy 

+ 9ti + 9tt 

in which the j/u, j/i*, etc., are functions of x and y. It is however 
possible to choose co-ordinates in such a way that 

ds* = dx* -}- dy* 

within a restricted region which may be regarded as common to the 
curved surface and a tangential plane one. It is quite easy to see 
that this is so in the case of a spherical surface. We are of course 
concerned with a 4-dimensional continuum and the more general 
one, in which the g^i, g\%, etc., may have other values (depending 
on X, y, z and w) than 1 and 0, is usually called Riemannian, after 
Riemann to whom reference has already been made. 

Now Einstein identified the trajectory (world line) of a particle 
(subject to a gravitational field only) with a geodesic in a Riemannian 
4-dimensional world. The stationary principle which determines 
this and which is usually expressed in some such form as 

^j" ds = 0, (9) 

reminds us of the stationary principles of Fermat, de Maupertuis 
and Hamilton. Indeed, it is much more general than these and 
includes all of them within its scope. 

Such a statement as (9), applied to Euclidean space, describes a 
straight line and a particle in a gravitational field moves, according 
to Einstein’s theory, in a way which is formally like motion in 
accordance with Newton’s first law. A restricted portion of a 
Riemannian world may be regarded as coincident with a tangential 
Minkowski world, just as a restricted portion of a curved surface 
may be regarded as coincident with a tangential plane and co¬ 
ordinates may be so chosen that within this restricted region 

da* = da:* -f- dy* dz* du;*. 

Geodesics in this region are straight lines and in it the motion of a 
particle is not only formally, but ctetuaUy, in accordance with 
Newton’s first law—when referred to these co-ordinates. 

The way in which the components of the fundamental tensor 
9ii> ?i»i are found can only be indicated here. There is a 
tensor, the Riemann-Christoffel tensor, which has been known for 
a century and the vanishing of the comx)onent8 of which is the 
necessary and sufficient condition that the geometry of the con¬ 
tinuum shall have a Euclidean character, like that exemplified by 
(M) above. A fairly clear notion of what this tensor is Hke may be 



TUB BODY ALPHA 


635 

obtained by ooneidering a curved surface for example (a 2-dimen- 
sional continuum) and its special case, the plane surface. Wo 
imagine a very small (infinitesimal) displacement which we may 
visualise as a short, very thin rod, ofc. This is given a succession 
of parallel displacements. By this is meant that any two consecutive 
positions of the rod form the opposite sides of a parallelogram. Wo 
think of this as continued till the end a has travelled round a small 
closed loop and thus occupies its original position. Now in general, 
though the initial and final positions of o are coincident, the final 
direction of the displacement which is represented by a —*■ b will 
differ from the origin^ one and it is this difference which the 
Riemann-Ghristoffel tensor expresses. Only in the special case of 
the plane 8urfaco-~moro generally a continuum with the Euclidean 
typo of geometry—do the initial and final displacements, or positions 
of the imagined rod, exactly coincide and the components of the 
Riemann-Christoffel tensor vanish. 

Emstein derived from this tensor another one which enabled him 
to find expressions for the gi„ g,*, etc., and eventually to relate them 
to the momentum-energy tensor of his 4-dimensional rigid Rieman- 
nian world. Mass is just an asjwct of this last-named tensor. In 
fact, it is proportional to the W component of momentum. 

We now come to the problem of electromagnetic fields. The 
moat promising suggestion is that of Kaluza [9]. Our body Alpha 
now becomes a 5-dimensional rigid world and the motion of a 
particle, charged or uncharged, in the Spatial world is described 
by the geodesic to which it is confined. The character of this 
6- dimensional world is most easily indicated by referring to a small 
region in it. This of course can bo regarded as part of a tangential 
“ plane ” world and, with suitable co-ordinates, the interval between 
two near points has the Euclidean form 

do* == dx* -f dy* -f dz® -f dw* + do®. 

Such a small region appears like Minkowski’s world with an extra 
dimension, O, added to it. With such a reference system and 
within this restricted " tangential ” region the components of the 
momentum of a particle are mv,, mv^, mv,, mv„ and mv^ respectively 
in the directions of the axes X, Y, Z, W and 0 and the last of them, 
mv„ is proportional to the charge on (he, particle. While in the 
restricted “ plane tangential ” region the particle moves in accord¬ 
ance with Newton’s first law. A remarkable feature of the theory 
is that aU the conservation principles, conservation of electric charge, 
conservation of energy or of mass, etc., are included in a generalised 
principle of conservation of momentum. 



SOIBNOB PEOGEBSS 


636 

Outside the restricted ** plane ” region the components of the 
momentum of a particle take the form: 

77* = mv^ + 6A*, 

/7y = mVjf + 

llg = mVg + eAg, 

== mv^ + cA*,. 

In these equations A*, Ay, A, are the components of the electro¬ 
magnetic vector potential and A,^ is (apart from the factor V-1) 
the scalar potential [10]. These or. equivalent ffxpressiops are a 
prominent feature of Dirac’s electron theory [11]. The fifth 
momentum component takes the form 

Uq = cAq^ 

A^ being a constant and e of course the charge on the particle. 
Its constancy is associated with the cyclic character of the fifth 
co-ordinate, o. 

Max Planck once wrote, It only takes a little reflection to 
realise the fact that the much misunderstood relativity theory by 
no means gets rid of the absolute but, on the contrary, that it has 
brought out the absolute into sharper definition ” [12]. This 
Absolute appears to be the rigid 6-dimensional world described in 
this essay. It seems appropriate to name it Thb Body Alpha. 
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THE PRINCIPLES OF SELECTIVE TOXICITY 
AND THE ACTION OF SELECTIVE 
HERBICIDES 

By Pbofessou G. E. BLACKMAN, M.A. 

X>opaftm«nt of AffrinUture, UnivenUy of Ojrfurd 

Introduction 

Thb employment of chemical compounds for the eradication of 
weeds growing in crops is essentially an exercise in selective toxicity, 
for a selective herbicide must be able to injure the living cells of the 
undesirable plant without harming unduly the tissues of the crop., 

Many of the recent scientific discoveries of economic importance 
have centred round this problem of selective toxicity. Chemo¬ 
therapeutic and pharmacological compounds have been remarkably 
successful in controlling disease and pain in man and animals. 
New insecticides and fungicides have greatly reduced the losses 
caused by pests and diseases. But the sudden expansion of modern 
selective herbicides is less than ten years old. ' It is true that copper 
sulphate was used over fifty years ago for the eradication of yellow 
oharlook {SinapM arvenaia) in cereals, nevertheless it was not until 
the discovery in 1940-43 that synthetic plant growth-regulating 
substances could kill selectively both annual and perennial weeds 
(Slade et al,, 1946 ; Nutman ef ah, 1945 ; Blackman, 1945} that any 
widespread interest was taken in this field of selective toxicity. 
Today it is claimed that the study of herbicides is a special branch 
of agricultural science, equal in importance to the studies of insecti¬ 
cides and fungicides. . 

This wave of enthusiasm, which has swept the world, has brought 
into being new chemical industries and has stimulated a now outlook 
on the problems of weeds and their control. In the United States 
it has changed the main emphasis of research relating to crop 
prodnotion and is resulting in the discovery of many biologically 
active compounds, as well as the rediscovery of older methods of 
cultural and chemical control. . 

A} yet many of the compounds and methods of application have 

m 
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not been adequately tested in the field. Even so there is at present 
available not only a formidable array of different types of herbicides 
but also of sheaves of instructions on the methods of application. 
In fact, the farmer confronted with the claims of the large number 
of proprietary compounds must inevitably be i>erplexed. 

, In Great Britain, before World War II, weed control was re¬ 
stricted to cereals and the use of either dilute sulphuric acid or 
copper sulphate; but this position is now changed almost out of 
recognition. First, subsequent to 1942, sulphuric acid became in 
Groat Britain a standard practice for weed eradication in onions. 
Now copiier chloride is valuable for weed control in cereal crops 
undersown with grasses and clovers. Petroleum oils are becoming 
a standby for weed destruction in carrots and parsnips, 3:6-dinitro- 
ortho-crcsol (DNOC) is particularly effective against some of the 
main weeds found in cereals and grasses, while 2:4-dinitro-6* 
secondary-butyl-phenol (DNBP) shows promise for weed destruc¬ 
tion in peas and lucerne. Lastly, the most important development 
of aU relates to the two growth-regulating substances 2-methyI-4- 
chloro-phenoxyacetic acid (MCPA) and 2:4-dichloro-phenoxyacetic 
acid (DCPA or 2:4-D), which are not only proving highly successful 
for the control of annual weeds in cereals, linseed, flax and grasses 
grown for seed production, but are also toxic to many of the 
perennial weeds of arable land, pastures and lawns. 

In the United States and elsewhere, such compounds—particu¬ 
larly the growth-regulating substances—are now being used for 
selective weed control in maize, rice, sugar cane and a range of 
horticultural crops. Bccomraendations have also been put forwud 
for the eradication of crab grass {Digitaria sanguinalis) from turf 
with phenyl mercury acetate, for the control of annual weeds in 
peas and onions with potassium cyanate and for the killing of couch- 
grass (Agropyron repena) with iso-propyl phenyl carbamate. In 
addition, mineral oils, with or without the addition of dinitro-phenols 
or penta-chloro-phenol, are being used for weed control in citrus 
orchards and elsewhere; 2:4:6-trichloro>phenoxyacetio acid is 
proving particularly toxic to woody perennial plants, and irrigation 
channels, waterways, etc., are being kept free from vegetation by 
means of chlorinated benzenes and aromatic solvents. 

Although the empirical approach has over several decades lead 
to the discovery of many selectively toxic agents, it is only in the 
last fifteen years that some understanding of the fundamental 
principles involved has been attained and a stage has been reached 
when this field can be considered a separate branch of science with 
the beginnings of its own disciplin^ Most advance has been made 
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in chemotherapy, but even hero the development of selectively toxic 
compounds still rests on the screening of a largo number of sub¬ 
stances of which the choice is determined by a degree of speculation. 
So far, the discovery of selective herbicides has been almost wholly 
a matter of chance observation and principle has yet to replace 
empiricism. 

Selective toxicity in a plant community, where the individuals 
are separated in space, and often in time of growth, has its own 
particular problems and is in many ways very different from the 
considerations that arise in the parasite-host association of applied 
entomology and mycology. The selective toxicity of insecticides, 
fungicides and chemotherapeutic agents is usually dependent upon 
metabolic differences between host and parasite, and the selective 
action holds over a relatively wide range of dose. /Most selective 
herbicides, on the other hand, depend for their effectiveness not 
only on a difierenca in toxicity at cell level, but also on all the factors 
which Influence the amount of herbicide which reaches the site of 
toxic action, and the dose required for selectivity is often critical. 
In practice most herbicides are applied as dusts or sprays and the 
degree of toxicity at cell level involves the amount and distribution 
of toxicant retained by the shoot, its penetration into the plant, the 
transport within the plant and its possible differential accumulation,. 
Each of these factors will be discussed in some detail and emphasis 
will be laid on the way in which the plant, the environment and the 
method of application influence selectivity. 

Retbntion 

' When a spray or dust is applied uniformly over a mixed stand 
of crop and weeds, the total amount of herbicide retained by tho 
individual plants is always an important factor in determining the 
net effect of the application.. Before, however, discussing the 
retention by the aerial parts of the plant and its bearing on selectivity 
two special circumstances wiU be considered. . The first of these is 
the technique of application known as “ pre-emergence ” spraying 
which was developed initially in England for weed control in onion 
seed beds (Blackman, 1943). Here the question of retention by the 
.crop does not arise, since the application is made before the crop 
seedlings emerge above ground. When the weed seedlings appear 
well in advance of the crop, relatively light doses are applied to 
the seed bed, so Ifliat the foliage of the weed seedlings comes in 
contact with the herbicide while the shoots of the crop just below 
ground are protected. In addition to this " contact " treatment 
there is the ** residual ” pre-emergence technique in which the 
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herbicide is applied earlier, remains in the surface layers of the soil 
and hillH the germinating weeds both before and a^r the crop is 
up. Selectivity here is dependent on the toxic agent being held in 
the surface soil, where it is more readily absorbed by the weeds 
germinating in this layer than by the growing plumule of the crop 
plant with its roots at a lower level. Thus this technique is most 
successful for crops with large seeds, which can be sown at a depth 
of several centimetres. / 

‘ The second special condition relates to submerged aquatic plants 
in stagnant or running water. Under these circumstances the 
tissues are surrounded by the medium containing the toxicant and 
differences in retention play no part in governing any selective 
action.. 

Some selective herbicides, such as the growth-regulating sub¬ 
stances, act when applied either as liquids or dusts, but their efficiency 
in post-emergence treatments is greater as liquids. Moreover, as 
the majority of the investigations on retention bave been concerned 
with sprays, the following discussion will bo limited to spray reten¬ 
tion, although it should be realised that'under some conditioils the 
differential retention of dusts between species may be greater. „ 

Spray retention is dependent upon the characteristics both of the 
plant and of the spray. The characteristics of the spray, such as 
droplet size, the velocity of the droplets and the surface tension, 
can be altered while the characteristics of the shoot are relatively 
unalterable.' ^ 

The gross morphological features may have a considerable 
influence on the quantity of spray liquid remaining on the sh lot. 
Thus plants, with erect cylindrical leaves, such as the onion, retain 
less than do the dorsiventral leaves of many dicotyledonous weeds. 
The distribution and number of droplets are also important, for 
contact with some parts of the plant may cause greater injury: 
in dicotyiedmiouB weed seedlings the destruction of the exposed 
apical bud may cause death, while the basal meristematio regions 
of monocotyledons are frequently protected by the leaf sheaths. 
The killing of the apical meristem does not inevitably lead to the 
death of the seedling. For example, thou^ an application of 
3;6-dinitro-ortho-cresol may kill the apical bud of Urtica wens, 
comparatively little spray appears to be retained in the atils of the 
basal leaves and axillary shoots subsequently develop. On the 
other hand, it has been observed (|toberts and Blackman, in press) 
that, with some varieties of peaa,r aqueous jlprays of 2r4^Jinitro-6- 
secondary butyl phenol may oojfleet In the le^ axfls and cause severe 
injury to the stem., ' . 
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/'^Apart from differences in the size, shape and orientation of the 
;ieaves, retention is also dependent on the nature of the leaf surfaces. 

I/Fogg (1947) investigating the contact angle between water droplets 
y and the leaf surface has shown that, not only are there large differ¬ 
ences between species in the extent the leaves are wetted by water, 
but there may be a regular variation between different leaves on the 
same stem {e.g. Sinapis arvensis). In addition, he found that in 
some species there was a diurnal fluctuation which was correlated 
•with changes in the water content of the leaves. 

XThus the wetting of leaves, as indicated by contact angle measure¬ 
ments, is determined by a combination of the physical and chemical 
nature of the leaf surface and the physical characterLstics of the 
spray. The addition of a surface active agent will result in a greater 
wetting and may also increase retention on leaves with a well- 
developed waxy cuticle. It has been found, for example, that a 
greatly increased kill of Chrysanthemum segetum can be obtained 
by adding a wetting agent to spray applications of dinitro-ortho- 
crosol. ^ 

'Ketention can also be increased by substituting oil emulsions for 
aqueous sprays, but the effect is dependent on the species. It has 
been demonstrated that an emulsion containing 10 per cent, of 
Arachis oil may increase the retention by i^eas (Pisum sativum) 
threefold, but with Brassica alba the increase is insignificant (Black¬ 
man, 1950). With oil emulsions, however, there are other complica¬ 
tions, since the oil may itself be phytotoxic, penetration may take 
place via the oil phase, and there is the added fiictor of the piirtition 
of the herbicide between the oil and water com]x>nents. 

The method and means of application will also influence retention. 
High-pressure sprays may cause young shoots of some siHjcics to 
bend and shod the liquid more readily than thoae of more rigid 
plants. Droplet size, apart from influencing the degree of retention 
and area of leaf covered, may also effect the degree of penetration. 
For instanoe, Loomis (1940) records that with some translocated 
herbicides coarse sprays of relatively high surface tension are more 
effective than fine sprays of lower surface tension. Although pene¬ 
tration into the leaves is roughly propoftional to the area in contact 
with the droplets, it must be realised that any means adopted to 
increase retention may tend to make the spray less selective. It has 
also been found tbfiit the overall toxic effect of a fixed dose of a 
grow^h^regolating substance varies with the volume of spray applied 
-fflrper unit area (Blackman, 1950). 
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Pbubteation ^ 

'' The herbicide may enter the plant through either the root \ 
the shoot. Considering first penetration into the shoot, entry ma„ ^ 
be through the stomata or through the cuticle into the epidermis. 
Experiments on hypo-stomatous leaves have shown that with 
solutions of high surface tension entry through the stomata does 
not appear to be important (Weaver and De Bose, 1946; Fogg, 
1948). ^This result is in keeping with theoretical considerations of 
the spontaneous entry of liquids into pores of comparable shape and/ 
size (Adam, 1948). On the other hand, liquids of very low surface^ 
tension, such as mineral oils of low viscosity, may pass through the^ 
stomata (Turrell, 1947). With compounds of a relatively high 
vapour pressure, such as dinitro-ortho-oresol and some esters of 
dichloro-phenoxyacetic acid, it has been shown that sufficient 
quantities can diffuse through the stomata to cause toxic effects, 
but the relative importance of diffusion and penetration through‘the 
cuticle has yet to be assessed. It is probable, however, that 
passage through the cuticle is far more important. 

/Crafts (1948) has put forward the generalisation that non-polar 
substances penetrate through the cuticle most rdadily and therefore 
from this aspect are more effective herbicides. However, there is a 
large bulk of experimental evidence that both non-polar and polar 
compounds can readily penetrate leaves (Norman et al., 1950). 
It seems most likely that the mode of entry is basically different 
between these two classes. Non-polar compounds almost certainly 
enter by simple solution in, or diffusion through, the lipoidal com¬ 
ponent of the cuticle and epidermal cell walls. Water-soh'ble 
compounds probably enter via the pectinacious and allied hydro¬ 
philic substances which have been shown to form a continuous path 
through the cuticle and epidermal cell walls of apple leaves (Bol^rts 
et al., 1948). For this type of penetration it is seemingly essential 
that the chemical should be in actual solution on the exterior of the 
leaf. Thus with ammonium 2:4-diohloro-phenoxyaoetate penetra¬ 
tion almost ceases as soon as the spray droplets have dried (Rice, 
1948). Again it has been demonstrated tiiat if a hygroscopic agent 
is added, the total amouiit of toxicant passing into the leaf is 
greater (Hopp and Idnder, 1946; Bice, 1946). The addition of 
surface active agents, apart from their effect on retention, may also 
increase the area of contact and hence the degree, of pmietration 
(Staniforth and Loomis, 1949). LMtly, it has suggested (Innes 
and Boyd, 1946) that for some toiioai^ the qpidermal hairs maj 
form a ready means of entry, hut no ligoroua experimentation hat ’ 
yet been carrmd out./'' 
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/ Because most of the investigations on nutrient uptake by roots 
have shown that absorption is principally as ions, it has often been 
assumed that toxic substances which are readily soluble in water 
and ionise in solution would be more effective than relatively 
insoluble non-polar compounds. , Sodium chlorate is, for insta ce, 
absorbed by wheat roots from culture solutions as chlorate ions in 
the same way as nitrate, and the process is a metabolic one, since 
the chlorate accumulates in the roots against a concentration 
gradient (Aberg, 1047). However, many non-polar and slightly 
soluble substances, such as iso-propyl phenyl carbamate, are absorbed 
in lethal quantities by the roots of many plant species. Whether 
the entry of such substances is duo to passive diffusion or to meta¬ 
bolic uptake has not been determined. 

__ Tbansfobt 

•''^Once theuompound has gained entry into the plant, the overall 
effects win be dependent on its subsequent movement. The 
evidence to date suggests that copper salts and the alkyl dinitro 
phenols only 9 |^e by diffusion, and as this is a slow process only 
a small area around the point of entry is affected. With other 
compounds, notably the growth-regulating substances, local applica¬ 
tion leads to widely distributed toxic effects within the plant and 
different means of transport are therefore involved. The present 
evidence is that it is the compound, rather than either a metabolic 
derivative or a naturally occurring growth substance which has been 
affected by the original compound, wliich is freely transported. ^ For 
example. Wood et al. (1947) have found that 2-iodo-3-nitrobenzoio 
acid containing radioactive iodine (Iiti) accumulates in the develop¬ 
ing shoots of bean and barley. Weintraub et al. (1050) have pro¬ 
duced circumstantial evidence of the presence of 2;4-diohloro- 
phenoxyacetic acid or a dissociable salt in bean shoots from which 
the originally treated leaves had been removed. 

y Much attention has been given to the factors which control the 
movement of growth-regulating suletanoes away from the leaf to 
which application has been made. In 1946, Mitchell and Brown 
first showed that transport does not take place if the leaves are 
kept in the dark for extended periods. They also fotmd that the 
same effect resulted from treating very young leaves or maintaining 
older leaves in carbon-dioxide-frree air in the light. In snap beans, 
altering the length of illumination before the application produced 
variable results which appeared to be oonrelated with the total sugar 
content Bt the time of treatment. In addition. Weaver and De 
Bose (1046)' have found that transport is redi,ioed if much of the 
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lamina is removed, leaving only the direotly treated area oonneoted 
with the leaf veins. 

It must be emphasised that in these investigations evidence of 
movement away from the leaf has been based on the observed effects; 
on the stem. On the other hand when application is made on th^ 
stem the subsequent effects are in no way influenced by whether th^ 
plants are kept in the light or the dark. Since Bice’s (1048) experi* 
ments indicate that the penetration of ammonium diohlorojf 
phenoxyaoetate into leaves is greater in the dark than in the light^ 
the conclusion is reached that it is the transport out of the leaf tha^ 
is affected, and this transport is probably associated with thd 
translocation of organic metabolites. Beoently, two groups oil 
investigators (Bohrbaugh and Bice, 1949; WeintraiA i^^Sm}wi]j| 
1950) have reported that if sugars are applied extemalfi|tgmgieav» 
of beans which have been kept in the dark, then transpC7^^^wth| 
regulating substances from the leaf takes place. some 

variations in the effects of different sugars and them^l^ups of 
workers do not agree on their relative efficiency. Aef^raub and 
Brown are of the opinion that translocation is facflita^B by a general 
movement of metabolites rather than the movement o^ome specific 
sugars. 

The transport out of the leaf is presumed to take place through 
the phloem, since it appears to bo restricted to living cells. Nothing 
is yet published on the mechanism by which the growth-regulating 
substances reach the phloem from the epidermis. The mechanism 
may well be complex, especially with water-soluble compounds, 
because of the suspected presence of a second cuticle on the interior 
side of the epidermis (Wflliams, 1960) and the hydrophobic nature 
of the outer surfaces of mesophyll ocU walls (Lewis, 1948). ^ 

/ Once the growth-regulating substance reaches the stem, it can 
move both upwards and downwards. Acropetal movement can take 
place through a portion of the stem killed by heat and such move¬ 
ment is affected by the factors which influence transpiration rate 
(Skoog, 1938; Hitchcock and Zimmerman, 1936; Ferri, 1946). 
Basipetal movement cannot take place through a heat-treated 
portion of a stem and is likely therefore to be associated with the 


movement of metabolites. 


Toxicmr 

It has already been emphasu 


lELL LlliVSl. » 

I that the problems of selective 


toxicity have been most intensivdy studied in the development of 
insecticides, fungicides, drugs andohemothentpeutio compounds, and 
the concept of a compound operating selectively at cell level is fully 
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established. Recent work has made it clear that the study of 
comparative biochemistry is a key to the understanding of many 
aspects of chemotherapy (Work and Work, 1948; Albert, 1950). 
Thus it is possible to design molecules which will act as antagonists 
.to essential metabolites and so interfere with the normal sequence 
of the biological changes in cells, but only some of these substances 
have a selective action (Woods and Nimmo-Smith, 1949). For 
example, the competition of sulphonamides for the enzyme concerned 
in the utilisation of para-amino-benzoic acid for the production of foHc 
acid inhibits the growth of some bacteria, but is harmless to mammals 
which derive their folic acid from food or by bacterial synthesis 
in the gut. The sulphonamides are selective, but pantothenic acid 
aneCh^i^, for example, are not; the latter compounds antagonise 
gro^^‘factors that are essential for both bacteria and mammals. 

Tqe oiochemical differences between mammals and bacteria are 
l^^rge-^in fact, far larger than can bo anticipated between different 
^cies ini^i^ame phylem : in particular, between one angiosperm 
and anotJHs Yet differences in metabolism of different angiosi>erms 
do exis1n‘*«^. the special carbohydrate metabolism of succulents, the 
characteristio nitrogen metabolism of insect catching plants and the 
specific fat metabolism of latex-containing plants. There is also 
variation in the chemical constitution of fats, waxes and essential oils 
in different species, and it is possible to relate some of these differ¬ 
ences to geographical distribution, climate and stage of development 
(McNair, 1934 ; Kurtz, 1960). Some plants can accumulate without 
injury selenium to a much greater degree than others. It has been 
found more difficult to culture the excised roots of monocotylodenous 
than diootyledenous plants and that moreover the roots of different 
species demand different nutrients. For example, selections of 
tomato vary in their vitamin requirements (Robbins, 1941; Whaley 
and Long, 1944). As well as these differences in metabolic uptake 
and metabolism, it has been shown by Collander (1937) that the 
passive penetration of organic non-electrolytes into the cell also 
varies with the species. 

From this brief list,- it is clear that biochemical differences 
between plants do exist and that they could, together with bio¬ 
physical differences, associated with penetration and partition, be 
responsible for a clear-cut differentiation between resistant and 
susceptible plants. ^ 

In tile elucidation of these fundamental differences there are 
two approaches. £lrst, detailed comparisons can be made of the 
phyriologioal and biochemical responses of susceptible and resistant 
species. Secondly, the precise nature of the toxic effects in a single 
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species con be studied. Although the first approach can jriold a 
large amount of comparative data, the integration and interpretation 
of the results can only take place when the nature of the toxic 
action is understood. In the field of phyto-toxicity, the beginnings 
of the second approach are only now being initiated and neither 
approach has given more than a hint of metabolic selectivity. 

Biolooical Responses of Resistant and SusoEPnaiiE Plants 

Some of the most interesting studies are those that have been 
carried out on respiration. Kelly and Avery (1049) working vuth 
sections of the stem of pea and oat, which in the field can be classed 
respectively as resistant and susceptible species to 2:4-dichloro- 
phenoxyacetic acid, foimd that the pea was much more sensitive 
to the effects of the compound in stimulating and inhibiting 
respiration. 

Somewhat similar experiments are in progress in this laboratory 
using vacuum-infiltrated discs of the leaves of different species and 
measuring the respiration effects produced by dinitro-alkyl phenols. 
Preliminary results again suggest that species differ in their sensi¬ 
tivity at cell level and that such differences can be related to differ¬ 
ences in susceptibility in the field. 

Another approach, in respect to ethyl phenyl carbamate, has been 
to study the inhibition of root extension growth and the mitotic 
aberrations produced in a resistant (pea) amd susceptible (barley) 
species (Ivens and Blackman, 1949). It has been found that in 
terms of root growth and interference with normal mitosis barley 
is more sensitive. 

Direct evidence of a metabolic difference is forthcoming from the 
work of Kvamme et al. (1949) on lipase activity. Prom a study of 
the kinetics of the action of 2:4-diohloro-phenoxyaoetic acid they 
conclude that lipase prepared from the beans of Ricinua eommunia — 
a susceptible species in the field—^is approximately 400 times more 
susceptible than lipase prepared from the germ of wheat—a resistant 
species. 

Such comparative studies produce wisdom after the event, since 
it is the last process in the chain that is being investigated, and a 
true assessment of the nature of selective toxicity at cell level must 
rest on a proper understanding of the biochemical and physiological 
processes that the herbicide is controlling. 

Mode of A<^on 

For the synthetic growth-regulating substances, the accumulation 
of knowledge concerning natural auxins is a starting-point for tiie 
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analysis of the toxio action. Apart from the effects of the growth¬ 
regulating substances on meristematio activity and cell division, the 
most widely observed physiological disturbance has been a profound 
upset in the carbohydrate balance. Boservo carbohydrates decrease, 
r^ucing sugars at first accumulate and then in turn frequently 
diminish. The ultimate reduction is as a rule insufficient, however, 
to justify the conclusion that starvation has contributed to the death 
of susceptible plants. 

Other physiological changes which follow treatment with 
2:4-dichloro-phenoxyacetio acid include reductions in the leaf area 
and total dry weight, changes in the respiration rate, altere<l vitamin 
levels in the tissues (Luecke, Hamnor and Sell, 1949) and a dis¬ 
turbance in the potassium metabolism of susceptible plants (Rhodes, 
Templeman and Thruston, 1950). Further, Nance (1949) has 
reported an inhibition of salt accumulation, while Smith, Hamner 
and Carlson (1947) obtained results which lead them to postulate 
that dichloro-phenoxyacetic acid interferes with the functions of the 
phloem. 

The physiological effects are thus numerous and varied, like 
those of natural auxin itself. In fact, many workers consider that 
synthetic growth regulators operate by altering the concentration 
of the natural auxin in the ceU. Skoog (1947), for instance, 
suggests that dichloro-phenoxyacetic acid competes with the natural 
auxin for the protein centres and thereby releases active auxin 
from an inactive bound state in a protein complex. Temporary 
stimulation may result from this auxin release, but this will 
ultimately result in a loss of auxin and in extreme conditions the 
breakdown of the normal auxin-supplying mechanism. Gk>ldacre 
(1949) postulates that dichloro-phenoxyacetic acid disturbs the 
dynamic equilibrium which he considers to exist between the pro¬ 
duction of indole-acetic acid from tryptophan and its destruction 
by indole-acetic acid oxidase, and as supporting evidence states that 
in the presence of the phenoxyace^ic acid there is a marked increase 
in the rate of breakdown of indple-acetic acid. 

In this department, the relative toxicity of a large number of 
nitro compounds has been estimjated and particular attention has 
been given to the 2:4-dinitro-6-all(yl phenols, since it has been found 
that the addition of two nitro grpups and a hydroxyl group to the 
benzene ring is a highly toxio combination. In the homologous 
series ranging from the dinitro-phenol to the dinitro-octyl phenol an 
alteration in the number of carbon atoms in the side chtun does not 
bring about major changes in toxicity when relative toxicity is 
expressed in terms of the concentrations required (i) to give a 
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60 per cent, mortality of mustard seedlings sprayed wider standard 
conditions, (ii) to halve the frond multiplication rate of Lemna minor 
grown in culture solutions containing the toxicant, (iii) to halve the 
growth rate of the mould Trichoderrm viride, and (iv) to reduce the 
respiration rate of yeast by 60 per cent. On the basis of Ferguson’s 
(1939) thermodynamic considerations, the “ activities ” determined 
by the ratio of the equi-toxio concentrations and solubilities in water 
indicate that the lower members of this series are acting chemically 
and not physically. Moreover, since the relative toxicities are of 
the same order, irrespective of the organism, there are grounds for 
concluding that they must be affecting some part of the metabolic 
chain which is common to the several organisms. 

Knowledge of the metabolic effects of phenols and nitro-phenols 
is now accumulating rapidly, but it is as yet prematura to outline 
the nature of the toxic action. It is well known that phenols act 
as protein-precipifants and this has been held to account for their 
action as disinfectants. Eecent work, e.g. Gale and Taylor, 1947, 
has demonstrated that the bactericidal action of phenols is accom¬ 
panied by a rupture of the cell membranes and a release of cell 
constituents into the surrounding medium. 

Aryl mtro compounds, especially 2’4-dmitro-phenol, have been 
used as inhibitors in studies of the cell metabolism of micro-organisms 
and animals, since they inhibit synthetic activities (anabolism) at 
concentrations which still allow of respiration or fermentation 
(Olifton, 1946). The anabolic activities which can be arrested 
include the assimilation of carbon and nitrogen oompoimds, the 
formation of adaptive enzymes, cell division and regeneration. Low 
concentrations of nitro-phenols stimulate the rates of respiration and 
fermentation, while higher concentrations arc inhibitory (Peiss and 
Field, 1948). The stimulated respiration is mediated through the 
same oxidation enzymes as the normal respiration and with the 
same respiratoiy quotient. The available evidence suggests that 
the concentrations which lead to a maximum stimulation of respira¬ 
tion are also those which reduce anabolic activities. In an endeavour 
to discovei the mechanism whereby the energy released in respiration 
is withheld from synthetic processes, recent work has been con¬ 
cerned with the phosphorylation cycle. 

Although on the basis of these many investigations there is a 
firm indication of a common metabolic action of the alkyl-dinitro- 
phenols, yet" field and greenhouse dtudios at Oxford of-the relative 
effects of dinitro-ortho'cresol and 2:4-dinitro-6-8eoondaiy butyl 
phenol show that in terms of plant kill the relative toxicity is 
dependent upon the species. For some twenty species it has been 
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found that the butyl phenol is more toxic, but the pea is an excep¬ 
tion. The most striking comparative data are forthcoming from an 
experiment in which it was demonstrated that, whereas to mustard 
(Brassica alba) the butyl phenol was approximately three times as 
toxic as dinitro-ortho-creaol, it was only half as toxic to the pea. 

Considered against the whole body of toxicity data that has been 
accumulated with aryl-nitro-compounds this instance of reversal in 
relative toxicity is outstanding. It could be postulated that the 
reversal is due to factors controlling the entry of the toxicant into 
the cells of the leaf. However, there are some indications that this 
is not an adequate explanation and an approach at ceU level is now 
being made to discover whether with these two species there are 
specific differences in the effects of the compounds on respiration 
and other processes. 

This review could be extended to cover the nature of the toxic 
action of other widely used herbicides, such as the hydrocarbons, 
cupric chloride and penta-chloro-phenol, but the conclusions would 
be even more speculative. With chlorates, however, the work 
Aborg (1947) and Ekdahl (1947) with wheat plants has indicated 
that it is not the chlorate in itself which is toxic but the reduction 
products, chlorite-hypochlorite, produced by the nitrate reduction 
mechanism. Against such a background, it is possible to speculate 
whether a plant comes within the resistant or susceptible class. If 
chlorate poisoning is dependent on the nitrate reduction mechanism, 
then plants, such as rice, which utilise ammonia nitrogen should be 
less affected. 

In conclusion, no biologist wiU be surprised that in this relatively 
new field of selective phytotoxioity, in spite of a decade of extensive 
research, the facts that have been gathered together still resemble 
a jig-saw puzzle in which many more pieces will have to be assembled 
before the ultimate picture takes shape. Until this stage is reached 
the discovery of new toxic compound must rest on trial and error, 
and without field and glasshouse tests the differential reaction of 
species will remain a matter of guesswork. Once more it is empha¬ 
sised that the present disarray of the empirical approach will only 
be marshalled into order by the discipline of a precise knowledge 
of the toxicity at cell level. 

Lastly, the author wishes to stress that this review could not 
have been written without the help of the other members of the 
research team working in the Department on various aspects of 
toxicity. Much of the information and many of the ideas come 
jointly and severally from E. K. Woodford, B. W. Simon, K. Holly, 
H. A. Roberts, L. Beinhold, and G. W. Ivens. 



660 


SOISNCB PROGRESS 


REFERENCES 

AberG) B., Ann, Boy, Agric, 06U, Sweden,^ 15, 37, 1947. 

Adam, N. K., Diacusstom Farad, 8oc,, 3, 5, 1948. 

Adbjcrt, a., Nature, 166, 12, 1950. 

Blackman, G. E., J, Min, Agric,, 49, 219, 1943. 

- Nature, 165, 600, 1946. 

- J. Roy, Soc. Arts, 98, 499, 1960. 

Clifton, C. E., Advafices in Enzymology, 6, 269, 1946. 

Coi^LANDKB, R., Trans. Farad, Soc., 33, 986, 1937. 

Crafts, A. S., Science, 108, 86, 1948. 

Ekdahl, I., Ann, Boy, Agnc, Coll, Sweden, 15, 113, 1947. 

Fergitson, j. Proc. Boy, Soc,, B,, 127, 387, 1939. 

Ferri, M. Q., Gontr, Boyce Thompson Inst,, 14, 61, 1945. 

Fogg, G. E., Proc, Roy. Soc,, B,, 134, 603, 1947. 

- Ann, Appl, Btol,, 35, 316, 1948. 

Gale, E. F., and Taylor, E, S., J, Gen, Microbiol,, 1, 77, 1947. 

Goldaorb, P. L., Aust, J, Sci. Res,, 2, 164, 1949. 

Hitchcock, A. E., and Zimmerman, P. W., Contr, Boyce Thompson Inst,, 
7, 447, 1936. 

Hopp, H., and Linder, P. J., Amer, J, Bot,, 33, 698, 1946. 

Innes, W. B., and Boyd, F. T., Bot. Qaz,, 107, 662, 1946. 
ivENs, G. W., and Blackman, G. E., Symp, Soc, Exp, Biol, No. Ill: Selective 
Toxicity and Antibiotics, 266, Camb. Univ. Press, 1949. 

Kelly, S., and Avery, G. S., Amer. J, Bot,, 36, 421, 1949. 

Kurtz, E. B., Plant Physiol,, 25, 269, 1960. 

Kvamme, O. j., Clagett, C. O., and Trbxtmann, W. B., Arch, Biochem,, 
24, 321, 1949. 

Lewis, F. J., Discussions Farad. Soc., 3, 159, 1948. 

Loomis, W. E., Proc. Sixth North. Cent, Weed Control Con/,, 101, 1949. 
Luecke, R. W., Hamner, V. L., and Sell, II, M., Plant Phys., 24, 616, 
1949. 

McNair, J. B., Amer. J, Bot., 21, 427, 1934. 

Mitchell, J. W., and Brown, J, W., Bot, Qaz,, 107, 393, 1946, 

Nance, J. F., Sckfice, 109, 174, 1949. 

Norman, A. G., Minabik, C. E., and Wbintraub, R. L., Ann. Rev. Plant 
Physiol., 1, 1960 (in proas). 

Nutman, P. S., Thornton, H. E., and Quastel, J. H., Nature, 156, 498, 
1945. 

Peiss, C. N., and Field, J., J. Biol, Chem,, 175, 49, 1948. 

Rhodes, A., Templbman, W. G,, and Thruston, M. N., Ann. Bot,, N.8., 
14, 181, 1960. 

Rice, E. L., Bot. Qaz., 109, 301, 1948. 

Robbins, W. J., Amer, J. Bot,, 28, 216, 1941. 

Roberts, R. A., Southwick, M. D., and Palhitbb, D. H., Plant. PhysUd:,, 
23, 667, 1948. 

Roberts, H. A., and Blackman, G, E., J. Agric, Sci. (in press). 
Rohrbauoh, P. W., j. Econ. Ent,, 34, 812, 1941. 

Rohrbaugh, L. M., and Rice, E. L., Bot, Qaz,, 111, 86, 1949. 

Skoog, F., Amer. J. Bot., 25, 361, 1938. 

Ann. Rev, Biochem,, 16, 629, 1947. 



THK PRINCIPLES OF SELECTIVE TOXICirY 651 

Slade, R. E., Tbmpleman, W. Q., and Sextok, W. A., Nature, 165, 497, 

1946. 

Smith, F. G., Hjuakeb, C. L., and Carlson, R. F., Plant, Physiol,, 22, 68, 

1947. 

Stantfobth, D. W., and Loomis, W. E., Science, 109, 628, 1949, 
Tubrell, F. M., Bot, OoM^ 108, 476, 1947. 

Weaver, R. J., and Db Rose, H. R., Bot, Oaz„ 107, 609, 1946. 
Weintbaub, R. L., and Brown, J. W., Plant, Physiol., 25, 140, 1960. 

- and Yeatman, J. N., Science, 111, 493, 1960. 

WhaIiBY, W, G., and Long, A. L., BuU, Torr. Bot, Club,, 71, 267, 1944. 
Williams, W. T., J, Exp, Bot,, 1, 114, 1960. 

Wood, J, W., Mitchell, J, W., and Irving, G. W., Science, 105, 337, 1947. 
Woods, D. D., and Nimmo-Smith, R. H., Sytnp, Soc. Exp, Biol, No. Ill: 

Selective Toxicity and Antibiotics, 177, Camb. Univ. Press, 1949. 
Work, T. S., and Work, E., The Basis of Chemotherapy, Oliver A Boyd, 1948. 



THE CONTRIBUTION OF PETROLOGY TO 
THE STUDY OF SEDIMENTATION • 

By J. H. TAYLOB, A.M. Ph D , P.O S. 

Frofuior qf Otology, VnwertUy of London, Kwg't CtdUgt 

Masy diiforent streaniB of geologioal lesearoh have contributed to 
our knowledge of sedimentation and of its products, the sedimentary 
rocks. In particular the petrologist, by examining significant r 
features of composition, texture and structure of a sediment, 
whether ancient or modern, the palaeontologist, by studying the 
biological complex associated with it, and the stratigrapher, by 
tracing its lateral and vertieal variations, have together endeavoured 
to reconstruct depositional environment, palseoeco’ogy and paheo- 
geography. Incentive to these studies has been provided by the 
economic importance of many of the products of sedimentation— 
for, as Goldschmidt (1937) has pointed out, over 85 per cent, of all 
valuable mineral products come from the sedimentary rocks. The 
phenomenal expansion of the petroleum industry during the past 
fifty years has probably done more than any single factor to encour¬ 
age the study of sediments, both as the source rocks and the reservoir 
rocks of oil, and, to a less degree, in the search for possible means 
of subsurface correlation. In addition, a vast amount of data 
regarding the processes of sedimentation has accumulated in the 
course of proving and winning such mineral products as coal, the 
saline evaporite deposits and the bedded ironstones, while the rapid 
development of interest in soil mechanics and in ground water 
hydrology has allied the civil engineer to the geologist in studies of 
many of the features of the sedimentary rooks. 

Sedimentary petrology has now about a hundred years of history 
behind it. In this country the dominant figure of last century was 
Sorby, the father of petrography. His first paper on the Millstone 
Grit of Yorkshire was published in 1859 and twenty years later, in 
two presidential addresses to the Geologioal Society (1879, 1880), he 
set out the fruits of his experience regarding the structure and 

• An Inaugural I^Msture doUverod in tha University of Lendon, Kmg’s 
CoDegf^. 
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origin of Medimentary rocks. From that time until the publication, 
just before his death, of a remarkable contribution on the application 
of quantitative methods to the study of sediments (1908) ho con¬ 
sistently led and shaped the development of the science. J. A. 
Phillips, SoUas, Dick, Wethered, Hume and Teall were quick to 
adopt and adapt Sorby’s technique. In 1902 H. H. Thomas in a 
classic paper on the Bunter Pebble Bod of Devon showed the 
illuminating deductions regarding derivation and palseogeography 
that could be drawn from detailed examination of the minerals 
present and of their lateral variation in a sediment. Other studies 
of about the same period, outstanding both for methods employed 
and conclusions drawn regarding conditions of deposition, were 
those of Jukes-Browne and Hill published between 1900 and 1904 
in the Geological Survey Memoirs on the Cretaceous Books of 
Britain. 

Meanwhile, abroad, Betgers completed in 1895 his famous work 
on the dune sands of Holland. He appears to have been the first 
to appreciate the possibility of determining conditions of deposition 
by similar studies of more ancient geological formations. A flood 
of results poured in from the Italian School where Artini, Chelussi, 
Clerici, Toni and Salmojraghi were studying the soft sediments of 
the Lombardy plains. In the main these researches were devoted 
to improvements in technique and to tracing the sources of individual 
minerals in the dejMsits. Strangely, Germany with her great 
mineralogical and petrographical traditions, had little to contribute 
to the study of sediments at this period. Thiiraoh and Walther 
alone carried on a somewhat half-hearted resistance movement 
against the domination of the igneous petrographers. The balance 
was, however, to be handsomely redressed in later years by the 
research inspired by Correns and his co-workers at Gottingen. In 
France, where pioneer work on methods and on modem sea bottom • 
sediments was carried on by Thoulet from 1879 onwards, the science 
is dominated by one name. Lucien Cayeux set out to do for 
sedimentary rocks what had already been done in the field of 
igneous petrography by Bosenbusch, Michel L4vy and Lacroix. 
His beautifully illustrated volumes —Introduction d Vitude pitro- 
graphiquA dea rochea aidimentairea, together with t|ie more specialised. 
Memoirs on the siUoeous and carbonate rooks, the oolitic iron ores 
and the sedimentary phosphates (this last uncompleted at the time 
of his death)—have become the essential works of reference of every 
sedimentary petrographer. His aim was to unravel the complete 
geological histoiy of every sediment and though we may reserve 
judgment on some of his conclusions we cannot doubt the essential 
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soundness of his methods. It is strange to refleot that at the end 
of his life he became in some measure dissatisfied with the Lyellian 
philosophy and that he felt that uniformitarianism had proved 
wanting in explaining the complex processes of sedimentation. 

From 1915 onwards petrological studies of sediments multiplied 
rapidly in Britain. Interest was in the main centred on the rarer 
mineral constituents often comprising less than 1 x>er cent, of the 
rock. This stage in the development of the science has been fully 
chronicled by Boswell (1933) who, together with Fleet and Smithson, 
produced much of the most stimulating work. In addition to 
improving technique by the introduction of quantitative methods, 
they demonstrated the use of heavy mineral suites for correlation 
over limited areas ; or as indices of source and conditions of transport 
within an old drainage basin and hence as aids in the reconstruction 
of palseogeography. So enticing were the possibilities of the method 
that for a time “ heavy mineral work became synonymous with 
sedimentary petrography and in the detailed study of heavy crops 
the textures and structures of the rocks themselves tended to be 
neglected. 

On the other side of the Atlantic impetus to the study of sedi¬ 
mentary rocks was provided by the establishment in 1919 of a 
Committee of the National Research Council in Washington to 
encourage and co-ordinate work on sedimentation. Among the 
early fruits of this body’s activities was the publication in 1926 of 
the Treatise on Sedimentation by Twenhofel and his collaborators. 

Within the last two decades pre-eminence in the study of sedi¬ 
ments has been slowly passing to the United States. This is not 
the only field in which a large number of skilled research workers 
encouraged by a powerful economic stimulus—^in this instance the 
petroleum industry—^have developed and perfected techniques and 
ideas bom in Europe. One consequence has been a flood of quantita¬ 
tive (though not truly statistical) work on such sedimentary char¬ 
acteristics as grain size and shape, degree of sorting, and resistance 
of different minerals to abrasion. It is inevitable that results of 
laboratory experiments should in some measure have proved to 
conflict with those of studies in the field on actual sediments. In 
gnature different processes—^for example, abrasion and sorting—ore 
operating together, sometimes working in the same direction, at 
others partially counterbalancing one another. In the artificial 
conditions of laboratory experiments these delicate balances caimot 
be reproduced. 

For some years the realisation of the necessity of employing 
modem statistical techniques in the study of sediments has been 
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steadily growing. In this ooxmtry the potentialities of the method 
have been recently demonstrated in Allen’s admirably careful and 
detailed work on the Top Ashdown Pebble Bed (1948). It is a 
chastening thought that this is virtually the only paper in British 
geology where conclusions have been stated throughout in terms of 
honest mathematical probabilities. Nevertheless, however much 
we may admire the use made of the statistical attack in this 
particular instance and welcome the conclusions justifiably drawn 
regarding sedimentation in the Wealden delta, we cannot but 
recognise the inherent danger that the tremendous and forbidding 
amount of laboratory work involved may tend to widen the gap 
that unfortunately already exists in this country between the 
sedimentary petrographer and the stratigrapher. The statistical 
method, capable of providing an answer to problems soluble in no 
other way, is a weapon to be used sparingly and with discretion, 
lest, as Russell has recently put it (1949), detailed studies of the 
bark of individual trees cause us to lose sight of the forest. 

The major contribution of the modem school of American 
sedimentary petrologists has been in the field of facies analysis. 
Comparative studies of many stratigraphic sequences show certain 
recurrent associations which are repeated too commonly to be 
accidental. The Americans have set themselves the task of finding 
out which textural, structural and compositional features are 
commonly associated and which mutually antipathetic—and why. 
Inevitably they have been led to the conclusion that the overruling 
factor which controls sedimentation is diastrophism—a conception 
bom in Europe and developed in the writings of Marcel Bertrand 
(1894), Bailey (1936), O. T. Jones (1938) and Tercier (1939) among 
others. Pettijohn, Krynine, Krumbine and their associates have 
accepted as fundamental the principle that the tectonic and 
geomorphic processes which shape the successive stages of develop¬ 
ment of a land mass must also control, on the broad regional scale, 
the sediments formed at each stage. These processes determine 
not only relief and topography surrounding a basin of deposition, 
but also the nature and intensity of metamorphism and igneous 
activity, and therefore the material from which future sediments 
Ate derived. In addition, through topography they influence 
climate, and hence the nature of weathering. Conditions of high 
relief give rise to rapid erosion and deposition with the formation 
of ill-sorted sediments with poorly rounded grains, containing a 
variety of both stable and unstable minercds. Conditions of low 
relief, giving rise to slow erosion and prolonged reworking prior to 
final burial, produce well-sorted sediments with highly rounded 
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graina and only the most stable minerals XNcesent. In other words, 
the mature stage of the geomorphio cycle will be accompanied by 
the production of mature sediments—^that is to say those approach¬ 
ing the stable end-state to which they tend ultimately to evolve— 
while the earlier stages will be accompanied by immature sediments. 

The most valuable of all the common minerals as an index of 
maturity is felspar. Felspar is sufficiently unstable to be absent in 
quantity from all save the most rapidly deposited sediments. The 
early work of Judd (1886) and Mackie (1899) had tended to regard 
felspar as an index of climate—^a mineral which could only survive 
under conditions of aridity or cold capable of inhibiting its decom¬ 
position by retarding chemical weathering. Krynine’s studies (1936) 
of arkose formation in southern Mexico under humid tropical 
conditions, with average temperatures of 80 degrees and aimual 
rainfuU of 120 inches, have made it clear that rapidity of erosion 
and deposition, rather than climate, is the essential factor in the 
preservation of felspar. Accompanying felspar in the immature 
sediments we can expect an extensive suite of the rarer and less 
stable heavy mineral species. In the more mature sediments their 
proportions, relative to the stable zircon and tourmaline, steadily 
decrease till at the end stage the heavy crop is dominated by these 
two minerals. Complications are inevitably introduced by sub¬ 
sequent changes involving authigenesis on the one hand and mineral 
solution and destruction on the other. The recognition of these 
effects is part of the responsibility of the sedimentary petrographer 
(scfi Smithson, 1950). 

Krynine (1943, 1948) and Pettijohn (1949) have set out clearly 
the case for dividing sedimentary rocks into three major suited or 
clans, each of which is associated with a different stage of the 
gcomorphic cycle. Each clan has clastic representatives ranging 
from the coarse conglomerates or breccias to the iine-grained muds 
and clays. Since the medium-grained elastics are more widespread 
than their coarser-grained associates and more easily studied than 
the accompanying argillites, their members, the quartzose sand¬ 
stones, the graywack^ and the (urkoses are commonly taken as 
representative of the three clans. 

The qtutrizose sandstones —^the ortho-quartzites of the Americans 
—are typical of the stage of maturity where relatively low land 
masses have been subjected to prolonged and intense weathering, 
and sedimentation is proceeding in shallow shelf seas—^the platform 
or foreland type of sedimentation. The sandstones of the platform 
facies are characterised by well-rounded grains of stable mineral 
species and are commonly acoompanied by detrital limestones or 
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by chemically precipitated sedimenta. Typically tJiey show wide¬ 
spread current-bedding and abundant non-sequences. Second cycle 
deposits formed through reworking of pre-existing quartzose sedi¬ 
ments may be distinguished by such features as the presence of 
fragments of earlier quartzites or of quartz grains showing abraded 
secondary growth. The Jurossics of north-western Europe are 
sedimenta of the platform facies and their arenaceous representatives 
have all the characteristics of the quartzose sandstones. 

On the other hand the grayuxtckea are typical of the geosynclinal 
stage of the cycle. They are unsorted deposits containing angular 
or sub-rounded grams of quartz, felspar and a variety of other 
minerals accompanied by fragments of such rocks as sandstone, 
quartzite, siltstone, mudstone or slate set in a muddy matiix, 
commonly converted by low-grade metamorphism to chlorite and 
sericite. They represent material “ poured ” into the geosyncline 
too rapidly for sorting, rounding or mineral destruction to take 
place, and characteristically they show graded-bedding and slump 
structures. It has recently been suggested (Kuenen and Migborini, 
1050) that high density turbidity currents have been an important 
factor in their formation. Typical sediments of the erogenic belts, 
they are widely represented among the Lower Palasozoios of Wales 
and the Appalachians, the Jurossics of the Californian Coast Ranges 
or the flysch of the Alps. 

The arkonea with their abundant felspar aro tjqiically post- 
orogenio sediments representative of a piedmont facies and the 
product of rapid erosion of newly elevated mountain chains. More 
cleanly sorted than graywack^s and commonly devoid of interstit lal 
clay, they are frequently current-bedded and associated with 
their coarser-grained relations, conglomerates with a heterogeneous 
assemblage of pebbles including much granitic or metamorphic 
debris. Arkoses are represented by the Torridon Sandstone of 
Scotland, the Sparagmite of Norway and in part in the Old Red 
Sandstone and Permian red beds of north-western Europe. 

The fine-grained representatives of the three clans are more 
difficult to study than their sand grade equivalents. Where fine 
detrital material is present, as is normally the case in argillite 
members of the graywaok4 and arkose suites, the quart^/felspar ratio 
is usually diagnostic. Members of the quartzose sandstone suite, 
derived from the products of long and deep chemical weathering, 
may however lack detrital minerals altogether. Thus, according to 
Sloss, Krumbmn and Dapples (1940) the arkosic suite is normally 
accompanied by felspathio shales, the graywackd suite by siliceous 
shales and the quartzose sandstone suite by elay shales. The 

XT 
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signifioanoe of the clay mineral complex is more obscure and cannot 
be fully appreciated until more X-ray data on clays are available. 
Krynine (1048) believes that the clay minerals are proving diagnostic 
of the three suites and there is certainly some evidence that kaolinite 
predominates in the arkosic suite, iUite in the fine-grained representa¬ 
tives of the graywack^s. However, the changes undergone by the 
clay minerals in the course of transportation and diagenesis are as 
yet imperfectly understood. Recent work by Grim, Dietz and 
Bradley (1049) suggests rather tentatively that, while kaolinite is 
extremely resistant to sub-aerial weathering, it is slowly transformed, 
under conditions of marine diagenesis, into dlite. Its presence or 
absence may therefore be evidence of environmental conditions 
of deposition of a sediment rather than of connection with any 
particular stage of the geomorphie cycle. Pending further studios 
on the clay minerals, we can to some extent fall back on ohemieal 
criteria for distinguishing the fine-grained representatives of the 
three suites. Alumina is probably the least mobile of all the oxides, 
while soda is the one most readily removed, and the alumina/soda 
ratio may therefore, for practical purposes, be used as an index of 
maturity of the sediment. 

While the overriding factor of diastrophism determines which of 
the three rock suites shall be formed, changing environments within 
the major tectonic framework control the deposition of, for example, 
coarse or fine, marine or continental, sediments. Under stable shelf 
conditions environmental agents may operate on the sediment for 
long enough to impress their characteristics fully upon it in terms 
of textural and other features. On the other hand, in a rapiily 
subsiding geosyncline the time available for sorting action is limited 
by the rapidity of burial, so that the environmental impress is much 
lighter. 

Although the rooks of the three great clans have, in the main, 
mutally exclusive space distributions, anomalous associations are 
often recorded in stratigraphic sequences. Complications are intro¬ 
duced by lack of precision in description or of agreement in definition 
of rook types. For example, Pettijohn (1049) attaches a more 
restricted meaning to the term gra3rwaok4 than Krynine (1048) and 
distinguishes* as sub-graywack4s certain rooks intermediate in 
character between tiie “ true ” graywaok^s and the quartzose 
sandstones. These rooks, differing from the “ true ” graywackAa 
(of Pettijohn) in paucity of felspar, combined with better sorting 
and better roimding of grains, and in the common presence of 
an introduced mineral cement, correspond to the low-rank or 
" common ” grsywack^ of Ej^nine. They appear to be typical of 
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tile post-orogenic stages of the evolution of a geosynoline and as 
such, like the Alpine molasse, may spread over the neighbouring 
foreland to occur in association with the rooks of the quartzose 
sandstone-limestone suite. Marshall Kay (1949) has criticised the 
relation of the three clans to separate stages of the diastrophio cycle 
on the grotmds that representatives of all of them can be found at 
one place or another associated with geosynclinal sediments. These 
anomalies do not appear to bo suiEoiontly numerous to invalidate 
the conception as a whole. The occurrence of mixed stratigraphic 
sections is recognised by Pettijohn and is readily explicable. l>uring 
periods of temporary stabilisation the shelf sediments may extend 
out into the geosyncline : while after orogenesis has commenced the 
reverse may occur. Moreover, such a variety of minor troughs and 
basins are now covered by the general term geosyncline that con¬ 
siderable variety in the sediments deposited within them is only to 
be expected. 

It is not of course only the major georaorphio cycles which leave 
their imprint on the sediments. The progress of each individual 
cycle of erosion is mirrored in the deposits produced during youth, 
maturity and old age. Uplift at the commencement of a cycle leads 
to partial destruction of the mantle of weathered material covering 
the land surface. In the youthful stage relatively level inter-fluves 
still bear the products of mature weathering, while the sharply 
incised valleys provide sources of fresh imweathered material. In 
such circumstances the sediments derived from the area will contain 
both mature and immature products of weathering. In general 
the mature products are fine-grained and accumulate mainly in the 
clay rocks : the immature products ore coarser-grained and appear 
in the standstones. As the cycle progresses and the rate of erosion 
decreases, weathering goes to completion everywhere, so that only 
the most stable residues appear in the sediments. Under conditions 
of almost complete peneplanation little detrital material is derived 
from the land mass and sedimentation in adjoining basins will bo 
largely chemical or biochemical. Since the sedimients are most 
commonly laid down in the shallow-water shelf areas whore rework¬ 
ing due to wave and ouirent action is general, the record is inevitably 
hard to read, though its intei^retation should not necessarily be 
beyond the power of the sedimentary petrographer. 

Vtuious other cyclical processes, many of them as yet unex¬ 
plained, are clearly reflected in the rocks. The familiar Coal 
Measure sedimentation is the most obvious example but many others 
occur throughout the geological column. Ailing (1945), using his 
technique of mioroUthologies, has attempted to assess sedimentary 
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sequences on a quantitative basis. By miorometric analysis the 
percentages of the three principal components of a rook—generally 
the argillaceous, siliceous and calcareous constituents—are cal¬ 
culated. When these are plotted beside the stratigraphioal column 
there is frequently evidence of rhythmic or periodic variations quite 
unsuspected from megascopic examination of the section. The 
seasonal nature of the well-known Pleistocene lake varves with their 
alternate layers of silt and clay is beyond doubt, and it appears 
probable that some older rhythmically banded sediments such as the 
Tertiary Peguan of Burma (Stamp, 1926) also have a seasonal origin. 
In other oases turbidity currents (Kuenen and Migliorini, I960), 
the differentiation of materials during transport or the growth of 
vegetation (Robertson, 1949) may have been the oontroUmg factors. 

The thesis of the American school of sedimentary petrologists is, 
in summary, that only after the most thorough petrographic analysis 
can a stratigraphic section, large or small, be fully interpreted. The 
diificiUty of the task will vary according to the facies and lithologies 
present. The geosynclinal sediments, deposited below wave base, 
will normally present a more complete record than the deposits of 
the shallow shelf seas, subjected to constant reworking. The 
coarse- and medium-grained rocks will always prove easier to deal 
with than their finer-grained associates. The younger rocks will 
offer less in the way of problems than the older because of the 
lessened opportunities for mineral changes due to authigenesis and 
interstratal solution. In illustration of the necessity for careful 
petrographic study Krynine (1941) has pointed out the petrological 
and interpretative disaster that can result from the common mistake 
of confusing arkoses with graywack^s in the field. 

Petrographic interest in the glacial sediments seems to have been 
confined largely to problems of chronology or correlation. Studies 
of the physiographic aspects of these deposits and their characteristic 
land forms have not till recently been accompanied by studies of 
the internal structure of the deposits themselves. Recognition by 
Richter in 1932 that the pebbles of a glacial till have a statistically 
preferred orientation which can be studied by the methods of petro- 
fsbrics has, however, led to investigations in America (Holmes, 1941, 
1949) that are beginning to contribute to our knowledge of g^ial 
deposition. The ititemal structure of a drumlin is, however, stiU 
very much more of a mystery than, for example, the internal struc¬ 
tures of a desert sand dune. In the latter field Ba^mld (1941), 
combining the techniques of the sedimentary petrographer and the 
experimental physicist, has made an outstanding contribution to 
the study of the mechanism of ssolian sedimentation. 
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A distinct and fascinating series of problems is presented by the 
chemical sediments, essentially precipitates whose deposition is 
governed by the laws of phase-rule chemistry, Grabau (1004) 
commented that, as the products of crystallisation from solution, 
these deposits had much in common with the igneous rocks.* Since, 
however, the reactions involved in the production of the chemical 
sediments have taken place at relatively low pressures and tempera¬ 
tures, their conditions of origin are far more amenable to experi¬ 
mental investigation. 

Clastic and chemical sedimentation are not, of course, mutually 
exclusive and in fact most sediments are a product of both processes. 
Indeed, the governing factor for the production of the purely 
chemical deposits is the exclusion of clastic material from their 
depositional environment. Though they occur in association with 
each of the three main rock clans they are typically products of 
the stable platform areas. 

Our knowledge of the mechanism of sedimentation of the 
chemically precipitated deposits is most complete in the case of the 
limestones, since the deposition of calcareous sediments can be 
studied today in the shallow seas of tropical and sub-tropical areas. 
With the siliceous, phosphatic, magnesian and ferruginous sediments, 
we have no such advantage and the sedimentary petrographer is 
generally concerned with the problem whether rocks represent, on 
the one hand, primary precipitates, or, on the other, metasomatic 
replacements—either peneoontemporaneous or subsequent—of pre¬ 
existing calcareous sediments. In many cases a replacement 
origin has been clearly demonstrated—for the dolomites of the 
Carboniferous Limestone of Gower by Dixon (1907), for the derived 
cherts of the Lower Greensand of the Weald by Wells (1947) and 
for the Permian phosphorites of Idaho by Mansfield (1920). 

The origin of oolitic structure has furnished another fertile field 
for research. The growth of modem ooliths through direct pre¬ 
cipitation \mder conditions of gentle agitation can be observed today 
off the Florida coast, or in the Gulf of Suez. Microscopic study 
shows, however, that, though many of the oolitic rocks may have 
originated in this way, oolitic structure can also result from growth 
in a colloidal medium. “ Necked ” or “ twin ” ooliths, such as 
those described from sedimentary ironstones by Deans (1935) and 
Berg (1944), must clearly have developed in situ as must the oolitic 
structure of many bauxites. 

The ferruginous sediments present a particularly intriguing 

* In QTabau*B day, of course, igneous petrogenotio theory was less 
advanced than now. 
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problem, since the vast majority of them represent deposits of a 
type that are not apparently being formed’ anywhere under present- 
day conditions. Indeed, it seems to have been largely as a result 
of his studios of these rocks that Cayeux became dissatisded with 
the strictly Lyellian philosophy. The widespread iron formations 
of the Pre-Cambrian, superficially at any rate differing from anything 
occurring in later systems, have helped to give rise to the tacit 
assumption that the conditions of Pre-Cambrian times were unique. 
This view has been challenged by Bruce (1946), who has pointed 
out the wide differences in character of the sediments in the various 
iron formations, especially between those of Keewatin and Huronian 
ages. The Keewatin jaspUites are interbedded with coarse gray- 
wack68 and even conglomerates of the geosynclinal suite, while the 
cherty carbonates of much of the Hun>nian are associato<l with 
the quartzose sandstones and limestones of the platfonn facies. 
The complex metamorphic processes to which the rocks have been 
subjected make it difficult to determine their original nature, but 
even within the Huronian it seems likely that wo may have to deal 
with iron formations of more than one typo. Petfijohn (1943) 
regards the cherty iron formations of the I^-Camhrian simply as 
the equivalents of the rhythmically banded cherts of later periods 
—some of which, such as the Jurassic Franciscan cherts, are them¬ 
selves ferruginous. In general, the deep and thorough chemical 
weathering needed to provide iron in quantity, which is to be 
expected in the mature stage of the geomorphic cycle, is incompatible 
with the relief and climate nece-ssary to produce the graywack^ of 
the geosynchne. There appear, therefore, to be groimds for agreeing 
with those who regard the Keewatin ores as having acquired their 
iron from hydrothermal sources, connected with the interbedded 
basic lavas—the “ greenstones ” which normally accompany the 
geosynclinal suite. 

In the oolitic iron ores of the later formations the same two 
associations are obvious. The Ordovician ores of North Wales, the 
Clinton ores of the eastern United States and the Wabana ores of 
Newfoundland are aU gcosynolmal sediments. The Jurassic ores of 
north-western Europe belong to the platform facies. Bedded iron 
ores are evidently not the product of any one narrowly defined 
stage of the geomorphic cycle. The major point in which conditions 
today fall short of those required for iron ore formation is in the 
absence of the necessary milieu for the precipitation of iron in 
the ferrous form firom natural waters. Microscopic examination of 
the oolitic iron ores leaves no doubt that in many oases ferrous iron 
was directly precipitated in the form of carbonates and silicates. 
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Deposition of ferrous compounds in water appears to depend on one 
of two things, either on a low oxidation-reduction potential or on 
a very acid environment (Mason, 1949). It may well be that 
changes in the EA and pH of normal sea-water or some as yet 
unrecognised detail of ionic concentration have been sufficient to 
account for the accumulation of ferrous sediments in the past. It 
is, of course, no part of the uniformitarian doctrine that every 
possible natural process is necessarily operating at the present imttant 
of geological time. 

Exceptional opportunities for the geologist to study chemical 
sedimentation are provided by the ^aline evaporite deposits. The 
formation of the limestone, dolomite, gypsum, anhydrite, rock-salt 
assemblage during three cycles of partial desiccation in the Permo- 
Triassio rooks of the north of England has been traced in detail by 
HoUingworth (1942). Until the recent work of Dunham (1948) and 
Stewart (1949), however, little in the way of purely petrographical 
investigation of these deposits had been carried out in this country. 
Such work aims at recognising criteria for the determination of 
the order of precipitation of the various salts from .solution and for 
distinguishing reactions that occur between early formed crystals 
and residual liquid from the results of subsequent metasomatism. 
Purely chemical studies have been more numerous, from the days 
of van’t Hoff’s classic work onwards, and have suggested that, 
at temperatures and pressures within the range shown by existing 
natural waters, calcium sulphate will first be precipitated as gypsum 
and anhydrite will only be formed after a high degree of concen¬ 
tration has been attained. Geological evidence, however, shows 
the presence of much early anhydrite, and microscopical study 
provides little ground for believing that it is secondary after gypsum. 
This is clearly a field in which progress can only be made through 
collaboration between petrologist and chemist. 

The carbonaceous deposits afford a rather specialised subject 
for research—^the joint preserve of the polseobotanist and the coal 
petrographer. Based on the somewhat conflicting observations 
and deductions of Stopes (1919, 1935) and Thiessen (1920), there 
have grown up the so-called British and American schools of coal 
petrology—^neither of them particularly representative of opinion 
in their own country. The British school recognises a number of 
" maoerals,” single fragments or portions of plant debris, which as 
units can be treated as analogous to the minerals of other rooks and 
which in varying proportions build up the four lithological types— 
vitrain, olarain, durain and fusain. These maoerals, it is claimed, 
can be distinguished from one another by the amount of light they 
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reflect in polished sections (Seyler and Edvaprds, 1949). The 
Americans, on the other hand, recognise only two fundamental 
constituents—anthraxylon, masses of integrate plant tissue pre¬ 
served as units, and attritus, macerated and degraded plant material. 
The merit of either technique is a matter of debate, but it can fairly 
be said that microscopical petrography has played its part in 
establishing coal as a lithology narrowly defined by certain deposi- 
tional conditions and in reconstructing the nature of the coal swamp 
environment. 

In reviewing the field of sedimentary petrology one cannot but 
feel that the interest taken in recent deposits has been less than 
proportionate to their importance in the study of sedimentation— 
a surprising fact, in view of the early interest aroused among 
geologists by Murray’s work on the sea-bottom samples collected by 
the Challenger expedition. Possibly the pre-occupation of the earlier 
oceanographers with the deep-sea deposits— in many ways the least 
helpful to the geologist in elucidating stratigraphic sections—is in 
part responsible. So also is the fact that it was only some fifteen 
years ago with the introduction of the Piggot gun that it became 
possible to obtain from the ocean bod cores as long as even 10 feet. 
The rapidity with which technique has advanced since then is 
shown by the fact that on the Swedish Albatross expedition of 
1947-48 cores up to 60 feet long were actually drawn with the new 
Kullenberg piston core sampler. Now for the first time it is possible 
for serious studios of stratification, rates of sedimentation and 
diagenesis to bo commenced. 

To measure rates of sedimentation it is essential first to establish 
a time scale, and unfortunately in dealing with the relatively short 
periods represented by deep-sea cores it is not possible to use the 
slow disintegration of uranium into stable end products in the normal 
way. However, within the half-million odd years required for the 
elements of the uranium 238 series to attain radioactive equilibrium, 
the variation of the radium concentration at successive levels below 
the ocean bottom afforils a method of determining age of the 
sediments. With this aid it is proving possible not only to estimate 
rates of deposition but to correlate climatic changes reflected in the 
ocean sediments over wide areas. Urry’s work on deep-sea cores at 
the Geophysical Laboratory in Washington (1942, 1948, 1949) 
likely to lead to fundamental conclusions regarding the synchronisa- 
tion or alternation of the Pleistocene climatic changes in northern 
and southern hemispheres. This and other recent advances in the 
g^logical aspects of oceanography have been ably reviewed by 
Wiseman and Ovey (1960). 
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One of the most important results of investigation of deep-sea 
(Tores has been the information gained of the environment in which 
diagenesis takes place. This environment is in almost all cases 
strongly reducing and moderately alkaline. Diagenesis still remains 
a difiScult aspect of sediments to study owing to the considerable 
pmiod of time normally required for lithidcation; but with the 
long cores now available there is every prospect of progress being 
made. 

Many modern sediments other than the deep-sea deposits have 
now been investigated. Studies that have become classical are 
those of oolite formation and deposition of arragonite mud on the 
shallow submarine platforms of Florida and the Bahamas ; of the 
precipitation of saline deposits in the gulls of the Caspian Sea; 
and of the deposition of black muds in the land-locked waters of 
Norwegian fjords and the Black Sea. Detailed investigations of 
the shallow-water sediments of the continental shelves are a relatively 
recent innovation arising in part from the increased interest of oil 
companies in the possibility of production in such areas. Already 
they have done considerable damage to the old-established concep¬ 
tion of coarser in-shore deposits passing into successively finer-grade 
material out to sea, and it may be that not all of the palseogeographio 
maps based on the distribution of so-called “ littoral ” facies will 
stand the test of time. It seems highly probable that, in the next 
decade, work on sea-bottom sediments will be responsible for some 
of the most spectacular advances in geology. 

The present time seems an appropriate one for taking stock of 
the petrologist’s contribution to the study of sedimentation and for 
looking towards the future. Some steps to this end were taken at 
an informal gathering of sedimentary petrologists after the XVIlIth 
Session of the International Geological Congress in London in 1948 
(gee Allen and Doeglas, 1949). At this meeting Doeglas expressed 
concern lest elaboration of laboratory techniques should lead to too 
narrow specialisation. In his view the greatest failure in sedi¬ 
mentary petrology in recent years had been the relative lack of field 
work and the exaggerated importance given to laboratory work. 
Almost identical views were expressed by B. D. Bussell (1949) in 
his Presidential Address at the 23rd Annual Meeting of the Society 
of Bconomio Palteontologists and Mineralogists at St. Louis. He 
feared that in the enthusiasm for the development of quantitative 
laboratory techniques the study of sedimentation in its broader 
aspects might suffer. Allen, on the other hand, has seen the danger 
that in a “ back to the field ” movement the precision of laboratory 
methods may be lost. Bightly viewed these attitudes are not 
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conflicting but complementary. In the closer integration of field 
and laboratory studies the sedimentary petrologist will be following 
the tradition of Sorby. 

In few branches of the science can the disease of over-specialisa¬ 
tion be more dangerous than in the study of sedimentation. So 
much of our knowledge of geological history comes from the sedi¬ 
mentary rocks that the subject provides a common meeting-ground 
for workers in many different fields of geology. The sedimentary 
petrologist can ill afford to out himself off from his colleagues the 
stratigrapher, the palaeontologist, the oceanographer, the physical 
chemist and the X-ray crystallographer, for their knowledge or skill 
are all in some part essential to a complete iinderstanding of the 
evolution of the sedimentary rocks. Lyell wrote in his Princijplea 
of Oeology in 1830 : “ It would be . . . desirable that a geologist 
should be well versed ... in every science relating to organic or 
inorganic nature. . . • But as such extensive acquisitions are 
scarcely within the reach of any individual, it is necessary that men 
who have devoted their lives to different departments should unite 
their efforts; and as the historian receives assistance from the 
antiquary and from those who have cultivated different branches 
of moral and political science, so the geologist should avail himself 
of the aid of many naturalists.” In no field is the aid of “ many 
naturalists ” more necessary than in that of sedimentation. 
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While much progress has been made in the last century in the study 
of the ephemeral changes in the geomagnetic field, so that the broad 
outline of the mechanism responsible for the solar quiet day varia¬ 
tion, for instance, is known, the origin of the main field and the 
conhiderable change it experiences in the course of a century (the 
secular variation) still elude explanation. Accounts of the theories 
which had been proposed up to that time were given in the two 
standard treatises on geomagnetism published a decade ago (Chap¬ 
man and Barlels, Fleming (ed.)). These theories wore either at 
variance with what was known of the Earth’s interior from other 
studies or wore too fanciful to attract much attention. Since then 
new experimental and theoretical approaches have been made, an 
account of which forms the subject of the present article. 

Studies in this field have been greatly assisted by the publication 
by Vestine and his collaborators (1947 and 1948) of a very complete 
set of values of the geomagnetic elements and their rates of change 
over the Earth’s surface at various epochs between 190.5 and 1946. 
Vestine analysed the main field, by methods made familiar by Gauss 
and others, and showed that at least 99 per cent, of the fial d has 
its origin in the interior of the Earth. 

In his work on the secular change of the field Vestine demon¬ 
strates quite clearly two features of great importance. Firstly, his' 
charts showing the lines of equal annual change in any element of 
the field (the isoporic lines) emphasise the regional nature of the 
secular change. The lines are grouped into about ton regions con¬ 
sisting of a series of closed curves centring on foci where the changes 
are most rapid. Secondly, the maps showing the secular change at 
different epochs reveal that the isoporic foci drift westwards at about 
0-6® longitude per year. The magnitude of the secular change may 
be ns much as lO"* gauss per year If the field of that dipole at 
tho Earth’s centre which best fits the observed field is subtracted 
from the latter, the residual or non*dipole field remaining may be 
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as great as 015 gauss. Consequently, the residual field is consider¬ 
ably changed by the processes of secular variation in the course of 
a century. As the patterns of the residual field and the secular 
change are similar and as the foci of the residual field show a westward 
drift, it is reasonable to suppose that both the secular change and 
the residual field are caused by similar processes. 

A process which could produce appreciable changes in the geo¬ 
magnetic field in the course of such a short period as a century is 
not likely to be found in the outer layers of the Earth. However, 
the evidence from seismology shows that the Earth possesses a core 
which does not permit the passage of the shear (or S) earthquake 
waves. This core, whose radius is 0-55 of that of the Earth, must 
therefore be a licpiid with a viscosity sufficiently low for a shear 
wave to be completely damped in distances small compared with 
the diameter of the core. Thus an upper limit to the viscosity can 
be calculated and is approximately 10* poises. Frenkel (1945) 
suggests that it may be as low as 10~® poises, the value of the 
viscosity of water under ordinary conditions. Elsassor (1946, 1947) 
saw that a liquid core, which might be expected to have a fairly 
high electrical conductivity, would have considerable magnetic 
effects and that motions in the fluid of the order of 0*01 cm./sec. 
might be sufficient to produce the magnetic secular variation. 
Bullard (1948) studied a part of the area of rapid secular change in 
the region of South Africa and showed that it could be well repre¬ 
sented by a horizontal dipole at the surface of the core. He 
suggested that, as a dipole magnetic field could be produced by the 
rotation of a spherical conductor in a uniform magnetic field, this 
part of the secular variation might bo explained as the decay or 
other change of an eddy in the fluid just beneath the surface of the 
core. All the areas of secular change might be similarly explained, 
for McNish (1940) showed that the secular change field could be well 
represented by changes in the magnitude (of 1*4.10®* c.g.s.e.m.u. 
per year) of thirteen radial dipoles at the surface of the core. 

As in so many problems in geomagnetism, the vital question is 
not whether the proposed mechanism will produce a field but whether 
it wiU give a sufficiently large one. No effect can be produced 
greater than the one obtained when the material is rotating so fast 
that the lines of inducing magnetic flux are almost completely 
excluded from the material by a distribution of currents in the 
skin. In such a condition the material acts as if it were entirely 
diamagnetic and the induced field then depends directly on the 
volume of the rotating matter. Bullard showed that the main field 
of the Earth at the surface of the core would probably not have a 
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sufficient value to explain the secular change by an eddy of reason¬ 
able size. A 1 ough calculation will illustrate this difficulty. Assum¬ 
ing that a centre of secular change persists for about a century, 
McNish’s analysis imphes that there should be 13 dipoles, each of 
approximate magnitude 10*‘ c.g.8.o.m.u., formed by induction 
within the core. Assuming that the field at the surface of the 
core is about 3 gauss wo can calculate the volume of the eddy 
icquired to give a dipole of 10** c.g.s.e.m.u. It is about 3.10** c.c. 
and for the 13 dipoles we should need a volume of 4,10*® c.c., only 
just under one-half of the volume of the core. It therefore seems a 
little difficult to explain the secular variation and non-dipole field 
without finding some way of amplifying the main field within the 
core. 

The mechanism by which the motion of a conducting fluid can 
magnify the magnetic field in a region is best understood by assuming 
the hquid to have infinite electrical conductivity. Then there must 
only be an infinitesimal relative motion between any element of 
moving fluid and the magnetic field component perpendicular to the 
direction of its motion, otherwise an infinite electric current would 
flow. Thus the magnetic hnes of force are dragged laterally with 
elements of fluid ; the lines of force are often said to be “ frozen 
into ” the fluid. Whore the fluid motion is of a complex nature the 
lines of force will be much kinked and thus lengthened, so that on 
an average over the whole region of moving fluid there will be more 
hnes of force crossing any unit surface area, ».c. the field intensity 
will have increased. 

An example of this process is the toroidal field. If a spherical 
conductor surrounded by an insulator is spun in a uniform magnetic 
field along its axis of rotation, the induced electromotive forces cause 
a transient flow of current, which builds up a surface charge distri¬ 
bution on the sphere. The field of these charges neutralises the 
induced field and no steady current flows. But if the rotating sphere 
is surrounded by a conducting shell, either at rest or moving with 
a different velocity, steady currents can flow. Bullard {1949) showed 
that, if the core wore rotating at a different speed to the mantle 
so that there was a gradient of angular velocity in the boundary 
layer, electric currents would flow in meridian planes, producing a 
toroidal field with the lines of force running round inside the core 
along fines of latitude and reversed in the two hemispheres. This 
is shown in Kg. 1. Bullard suggests that interaction between the 
main field and a differential motion of about a hundredth of a 
cm./sec. between the main part of the core and its boundary layer 
might produce fields of tens of gauss in the core. 
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It is next necessary to consider the significance of Vestine’s 
iiscovery of the westerly drift of the centres of the secular variation. 
AkS might be expected, there is evidence to 
jhow that the foci of the non-dipolo part 
3 f the main field also show a steady drift 
bo the west. Long ago Bauer (1895) com¬ 
puted the value of the angle of dip to be 
expected from a dipole field and subtracted 
bhese values from the observed values for 
1780 and 1885. Lines of equal value of 
bhe difference, which ho called isapoclitiics, 
form two sets of closed curves contrmg on 
bwo points of greatest difference, one in 
bhe Atlantic and one in the Eastern Indian 
Ocean. Both these points moved appreci- 
ibly between the years 1780 and 1885 at 
in annual rate of about 0*2° of longitude 
per year. Bullard (1060) has canied out 
in analysis of the data gathered by Vestine and has shown 
that between 1906 and 1945 the aimual drift of the non-dipole 
field was about 0-2° of longitude. 

If both the non-dipole part of the main field and the secular 
variation are due to current systems in the upper part of the liquid 
core (at least the secular variation must come from near the surface 
of the core because of the shielding effect of the conducting m.atter) 
it is likely that the whole current systems are carried along with 
bhe surrounded fluid. Thus Elsasser (1949) assumed that the 
westerly drift found by Vestme indicates that the Earth’s core is 
moving westwards relative to the mantle, that is, it is rotating more 
slowly than the mantle. This is surprising because the only torque 
which is known to influence the rate of rotation of the Earth is that 
due to tidal friction, which causes a secular decrease in the angular 
velocity of the Earth, so that it might be expected that the core 
would be rotating faster than the mantle, if the viscosity of the 
fluid core were not too great. 

Bullard (1949) suggested that the presence of a small amount 
of radio-activity in the core might give a radial temperature gradient 
sufficiently high to exceed the adiabatic gradient and so cause 
convection. This would continually bring matter from the inner 
part of the core having a slower transverse velocity and therefore 
reduemg the angular velocity of the outer core. However, the 
mechanism of this process is most obscure. 

If there is a differential rotation between core and mantle and il 
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there is large-scale thermal convection, important magnetic effects 
will result. The mteraction between the main dipole field and the 
differential rotation will produce a toroidal field. 

Bullard proposed that the interaction between these two core 
motions and the magnetic fields they produce from the dipole field 
might cause a chain of interactions which can reinforce the dipole 
field. It was shown long ago by Lamb that if the Earth’s field is 
produced by current flow there must bo a mechanism to maintain 
it, for the time of free decay of such currents, despite the large radius 
of the Earth, would be small compared with the geological age of 
the Earth. The circumstances in which motions in a conducting 
sphere can build up or reinforce an existing field have not been fully 
discussed. Bullard and others have drawn analogies between the 

supposed action of such motions in a 
sphere in reinforcing the dipole field 
with the build-up of a field (initially 
small) by a self-excited dynamo. A 
unipolar generator is shown in Kg. 2. 
The rotor is a conducting disc and 
when it is rotated in a small axial 
field, a radial current flows, which is 
led off through an axial solenoid 
wound in such a direction as to rein¬ 
force the field. It should be pointed 
out that the largo number of inter¬ 
faces between insulator and con¬ 
ductor allow surface charges to build 
up and the resulting electric fields 
cause currents to flow in the desired 
directions. Tn a sphere, where charge distributions can only build 
tbenihelves up on a single surface, it is not easy to see how con¬ 
ditions similar to those in a generator establish themselves. 

An entirely different approach to terrestrial magnetism was 
taken up by Blackett (1947, J949) and Babcock (1947), reported in 
Si'iENPE Pbogkess (1947, 35, 601). The recent discovery by Bab¬ 
cock of magnetic fields of the order of kilogauss in certain A type 
stars reopened the possibility, originally considered by Schuster and 
H. A. Wilson, that the magnetic fields of the Sun and the Earth 
might be examples of a new law of nature in which all rotating 
masses have an associated magnetic field. In view of the attempts 
in the last twenty years to construct unified field theories of electro¬ 
magnetism and gravitation, any suggested connection between 
cosmic magnetic fields and rotation are of considerable interest. 
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Blackett suggested that the magnetic dipole moment (P) of the 
various bodies was related to their angular momentum (U) by the 
empirical relation 

G* 

P 

e 

where G is the gravitational constant, c the velocity of light and 
p a constant of the order of one. Such a relation may be fortuitous 
or might arise because the physical processes by which the magnetic 
fields are generated are similar. But if a fundamental law, it leads 
to conclusions which can bo tested. Assuming the relation may bo 
extrapolated to laboratory conditions a small field (of the order of 
10~* gauss) is to bo expected near a sphere of metal a metre in 
diameter rotated at breaking stress and, making further assumptions, 
a similar field should be found near a stationary sphere, due to its 
rotation with the Earth. Also, as Bullard pointed out, the distribu¬ 
tion of field within the Earth on this hypothesis would be different 
from that of other theories. Most other theories assume that current 
flow in the core produces the field. For such core theories the 
dipole magnetic field would increase inwards according to an inverse 
cube relation until the surface of the core was reached. The funda¬ 
mental hypothesis, as was worked out in detail by Runcorn (1948) 
and Chapman (1948), leads to a field distribution in which the 
horizontal component of field decreases with depth inside the Earth, 
ultimately reversing in sign. The vertical 
component would increase as a dipole field 
only for small depths and then would 
increase less rapidly. These results arise 
because on a fundamental hypothesis each 
rotating shell of matter has to produce a 
magnetic field, and it seems reasonable to 
suppose that it produces a field similar to 
that produced by a shell in which electric 
current flows along lines of latitude. Then, 
as shown in Pig. 3, the effect of a single 
shell is to produce tangential components 
of field in opposite directions within and 
outside the shell. It can be shown that 
the decrease in horizontal field this produces 
inside the shell must outweigh the cube 
field. In Great Britain the difference between the field values 
at the surface and 4000 feet deep are given by the table on the 
next page. 



Fio. 3.—^Magnetic effect 
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Vertical component (AZ) (moreMing with depth) 

+ 2«y 

-{-25y 

Horizontal component (AH) (inor^asmg with d^tb) 

-Uly 

- 23y 


1 y (10~> gauss) can be measured by delicate instruments. It is 
possible in a few deep coal-mines to find passages far enough away 
from man-made disturbances to measure the true field to an accuracy 
of 1 y. It is therefore possible to test the fundamental theory by 
direct measurement. The Earth’s field fluctuates during a day, 
through current flow in the ionosphere, by amounts of the order of 
60 y. Thus while the measurements of the difference in the com¬ 
ponents above and below ground are being made, an mstrument 
must be maintained at the surface to enable corrections to the results 
for the diurnal variation to be made. The variation with depth, 
mentioned above, refers only to the dipole field and the measurement 
of the gradient in practice may very well be compheated by the 
anomalous gradients due to the magnetism of the underlying 
geological strata. Extensive measurements have been made m 
English mines (Runcorn and others, 1960), in the course of which 
methods have been evolved for makmg certain that measurements 
of the field differences between the surface and underground are due 
to the main dipole field and not to local anomahes. 

Over most of the world layers of sedimentary rooks, some 
thousands of feet thick, have been deposited under wafer on top of 
the granitic basement.” Very often the sedimentary beds lie in 
uniform horizontid layers whilst the granites are highly contorted. 
The gramtes contain a high proportion of magnetite and are strongly 
magnetised both permanently and by induction in the Earth’s field. 
The sediments are often only weakly magnetic. Therefore the 
anomalous gradients in the field at the surface tend to be related 
to the structure and properties of the basement rocks rather than 
to those of the sedimentary rooks. Presumably undulations and 
horizontal changes of intensity of magnetisation of the basement 
rocks give rise to the gradients of the magnetic field at the surface. 

Thus if an attempt is made to measure the radial variation of 
the main geomagnetic field through the upper section of the sedi¬ 
ments, the magnetic properties of the sediments should not greatly 
affect the results, but the gradients due to the basement rocks may 
be very important. Provided that the depth of the mine is small 
compared to the depth of the basement rooks, wo can expect the 
local magnetic gradients to be linear over distances at tho surface 
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of the order of the depth of the mine. The magnetio field vector 
is solenoidal and in the absence of current flow it is also irrotational. 
There are then four equations connecting gradients of the three 
field components vertically and along E.-W. and N.-S. lines at the 
Earth’s surface. Thus by measuring the gradients along the surface 
in the vicinity of the mine and subtracting from them the calculated 
gradients due to the main dipole field of the Earth, that part of the 
difference in the field at the surface and underground which is due 
to the basement rocks can bo calculated and, if not too large, allowed 
for. Thus the experiment must be x>erformed in an area where 

(1) the basement is sufficiently deep relative to the depth of 

the mine; 

(2) the sediments in the district are only weakly magnetic ; 

(3) the surface gradients are linear in the region of the mine. 
PrehmJnary measurements of AH and AZ were made in mines in 
South Afiioa and in Lancashire, but where the above criterion could 
not be entirely satisfied. Later experiments (Runcorn and others, 
1950) give results for three mines in South Lancashire and York¬ 
shire. These results give AH very nearly equal to that predicted 
by the Core theory and significantly different from that predicted 
by the fundamental theory. 

Meanwhile attempts have been made to extend our knowledge 
to the variations of the geomagnetic field into the remote past. 
Johnson, Murphy and Torreson (1948) have examined the remanent 
magnetio polarisation of varved ola 3 rs formed in glacial lakes. As 
the magnetite particles sink to the bottom of the lake, they are 
oriented into the direction of the magnetic field at the time. Thus 
they give to the varves a magnetio polarisation which, as can be 
shown in the laboratory, is not easily disturbed by subsequent field 
changes. These clayi can be dated by radio-active means and, as 
coarser particles are deposited in the winter than in the summer, 
the magnetio changes can be followed firom year to year. These 
workers find that the declination in New England between 15,000 b.o. 
and 10,000 B.o. wandered about a mean of 6° West of North with 
maximum excursions of 20° East and 37° West. There was some 
suggestion of a 300-yoar periodicity. They also show, firom measur¬ 
ing the intensity of polarisation of clays artificially deposited in the 
laboratory in magnetic fields of various strengths, that the magnitude 
of the Earth’s field when these clays were deposited was not very 
different firom what it is today. Torreson and others (1949) extended 
the work to the remanent magnetisation of tmdisturbed sedimentary 
rooks and found that the frequency curve of the values of declina¬ 
tion. in samnles whose ace distribution stretched over 60.000.000 
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years, shows a very marked peak at 0® deolination. These results 
would seem on the whole to indicate that the behaviour of the 
Earth’s field as recorded over the last few centuries is typical of its 
behaviour over a very much longer time. However, there are 
examples in the Pilansberg dykes of South Africa and in the tholeiite 
dykes of North England (Bruekshaw and Robertson, 1949) of 
igneous rocks which show a magnetic polarisation opposite to the 
present direction of the Earth’s field. The most direct interpreta¬ 
tion is that, at the time the dykes solidified, the geomagnetic field 
vector was in the opposite direction to what it is at the present day. 
But wliile these abnormal magnetisations have only been found in 
these rather unusual geological formations it is doubtful whether 
the explanation is not to be foimd in the local conditions prevailing 
at the time of the formation of the dykes. 

Johnson and others (1948) showed, by comparing the intensity of 
polarisation of clays laid down in known fields with that of the 
varved clays, that the value of the Earth’s field at about 16,000 b.o. 
was not much greater than its present one. These results definitely 
lule out the possibility that the Earth’s field is freely decaying, for, 
from what is known of the conductivity of the core, the time con¬ 
stant of free decay would work out at about 10,000 to 20,000 years. 
The spatial and temporal variations of the Earth’s field therefore 
rule out the possibility that certain theories are true rather than 
provide a key to the solution of the problem of the main field. 
In a field such as this, it is most important that those theories 
which have been proposed should be worked out in detail to ^he 
point at which their requirements may be checked against what 
is known from other branches of Geophysics. Much progress has 
yet to be made before this will be possible with respect to theories 
involving thermo-electric e.m.f.’s in the core or amplification by 
fiuid motion. 
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LEAF MORPHOLOGY AND 
PHYSIOLOGICAL AGE 

By EBtO ASHBY, DSo.DIC.FLS 

Ftce ChaneeUof of Queen*$ Vtwtcrniy, BHfattt 
latdy Profeuvr of Botany tn (Ae Umoorgity of Manehe»Ur 

A STUDY of the literature on heterophylly in flowering plants 
convinces the reader that leaf shape is controlled by internal as well 
as external factors. For instance, the progression of leaf shapes in 
successive leaves of Sagittana sagiUtfolta and the reversion to 
juvenile foliage in cuttings of Campanula rotundifolia are not 
responses to the external environment, but to the level of some 
nutnent or hormone in the meristems themselves. These familiar 
phenomena, coupled with the fact that there are in most plants 
consistent changes in shape from leaf to leaf up the shoot, which 
sometimes seem to be related to its maturity, have raised in the 
mmds of botanists the h}riiothesis that the physiological ageing of 
a plant (as contrasted with its agemg in time) might be measured 
by the changes of leaf shape from node to node. The history of 
tliis hypothesis was recently summarised (Ashby, 1948a), and in the 
last three years experiments have been carried out which enable 
the hypothesis to be more clearly formulated. It is the purpose of 
this article to give a brief account of the results of these experiments. 

The experiments fall into two groups : the first are studies on 
the anatomy and morphology of leaves in Ipom<m cmrulea and 
/, purpurea ; the second are studied on the anatomy and area of 
fronds in Lemna minor. The experiments do not utilise any fresh 
techniques, their main contribution to the question is that they 
measure quantitatively some of the changes in morphology from 
leaf to leaf, and they enable these measurements to be plotted 
against time. 

The experiments began with a study of the gradients of diminish¬ 
ing cell size from leaf to leaf up a shoot, already fanailiar from the 
work of Zalenski (1904) and Yapp (1012). It was formerly sup¬ 
posed that these gradients were due to increasing competition for 
water among leaves, on the assumption that lower leaves on a shoot 
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deprived the upper leaves of water and thereby created in the upper 
leaves conditions for xeromorphic development. Experiments on 
Ipomoea (Ashby, 19486) indicate that this supposition is incorrect. 
The experiments confirmed the observation of Alexandrov, Alex¬ 
androv, and Timofeev (1921), namely that the removal of all the 
leaves on a shoot causes the next developing leaf to have abnormally 
large cells. But the experiments went on to show that a similar 
response of cell size in the next developing leaf can be obtained by 
removing only the three or four immature leaves below the apex, 
and that the response cannot be obtained by removing only the 
adult leaves below the apex. In other words, the removal of some 
10 cm.* of actively growing leaf surface has a significant effect on 
the cell size of the next leaf to develop, whereas the removal of some 
250 cm.* of adult loaf surface has no effect on the cell size of the 
next leaf. On these grounds it was suggested that the gradient of 
cell size from leaf to leaf in a shoot of Ipomvea is determined not 
primarily by the water economy but by an effect from the three or 
four immature leaves below the apex. The effect might bo that 
these immatiure leaves monopolise some inorganic nutrient which 
ascends in the transpiration stream, but it is much more probable 
that the immature leaves produce some hormone-like substance 
which inhibits the expansion of the leaves above them. The 
experiments are consistent with the view that the apical meristem 
undergoes systematic changes os it becomes older, and that those 
changes are reflected in the cell size and cell number of leaves 
produced at the apex. 

These experiments left many questions unanswered, in particular 
the question as to whether the upper leaves of a shoot have smaller 
oelw than the lower leaves, merely because they develop later in 
the season. This possibility—^that the gradients in cell size and 
morphology of leaves reflected nothing more than the transition 
from spring to summer weather—had not been excluded by the 
experiments of any workers in this field. Accordingly an experi¬ 
ment was carried out to separate the effects on cell size of the two 
variables: the position of a leaf on the shoot, and its time of 
appearance in the season. The variables were separated by raising 
lots of Ipomcea at weekly intervals, arranging the plants randomly 
in a heated glasshouse, and taking observations (a) of cell size and 
cell number of leaves which unfold simultaneously, but at different 
heights of insertion on the shoot, and (6) of leaves at the same height 
of insertion, but unfolding at different times in the spring and 
summer. I^e results of this experiment (Ashby and Wangermann, 
1960ei) were unambiguous. One example of them is illustrated in 
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subsequent leaves are more and more deeply lobcd. Lateral shoots 
from upper nodes of such strains carry only lobed leaves ; lateral 
shoots from lower nodes carry leaves which repeat (in whole or in 
part) the transition from entire to lobed leaf which is typical of 
leaves on the main shoot. It is a study of this phenomenon, 
particularly in the cotton plant, which led Krenke (1933-35) to 
propose the hypothesis that there are cycles of ageing and rejuvena¬ 
tion in plants which can be recognised from changes in leaf shape ; 
that every lateral branch is “ physiologically younger ” than the 
node from which it arises; and that treatments which hasten or 



Fig. 2.—^Kdation botwoon leaf area and cell area in 2nd, 5th and 8ih lravo« of 
Ipotnara curulea at different stagoe of maturity. 

OrdinmtAi. log oell area (u *), absdsav, log leaf area (cm •); unbioken lines Join points obtained 
from obeervatlnuii made on loaves sampled at known areas, broken Hues Join (Kiints obtained fkrom 
observations made on loaves dissected lh>m apices; #, 2nd leaves. 4,5tli leaves. O, 8th leaves. 

(By eourtett/ of Hu editor of Vu ” New PhyUdogutt ** and the Cambridge Univeretty Preee) 

delay maturity also hasten or delay the familiar transition from 
simple to complex loaf-shapes. Ipomaa caeruiea is a plant which 
flowers prematurely in short days : therefore it is suitable material 
on which to test the validity of Krenke’s hypothesis. 

Experiments were carried out (Ashby, in press) in which batches of 
Iponum were grown in two different lengths of day, namely 8 hours 
and 16 hours, but wore otherwise kept in as uniform conditions as pos¬ 
sible in a heated glasshouse. In 8-hour days flower buds appeared 
even at the first node, in two or three weeks. In 16-hour days 
flower buds did not appear for several weeks, and then only from 
nodes above the fifteenth. There was therefore a striking difference 
in rate of developn^ent of the two batches of Ipomcea. Accompany¬ 
ing this differenoe there was a differenoe in leaf shape : in 16-hour 
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days the familiar transition from entire to lobed leaves began ai 
the fifth leaf; in 8-hour days lobing was almost completely sup 
pressed. The conclusion from these experiments is that leaf shap 
is indeed sensitive to treatments which hasten or delay physiologioa 
ageing, but the correlation between ageing and leaf shape is not ai 
simple as Krenke supposed. There is some evidence which suggest! 
that the shapes of leaves on lateral shoots depend on the time thej 
are differentiated : if, for instance, a second leaf on a lateral i 
differentiated at the same time as an eighth leaf on the main axis 
then these two leaves have the same shape. This suggestion needt 
confirmation ; if it is correct it is a striking example of the contro 
of pattern aU over the plant by internal factors. Furthermore 
the experiments support the view that these internal factors aw 
growth hormones, for if plants growing in 8-hour days are exposec 
^so to periods of one hour of light (at no more than 18 foot-eandles) 
in the middle of the night, then the premature flowering associatoc 
with 8-hour days is prevented, and the leaves produce lobes at 
though they were growing in 16-hour da 3 rs. 

The results of experiments on the responses of flowering and 
loaf shape in Ipomoea to day length vary according to light intensitj 
and temperature. Therefore it is clear that the responses are tor 
complex to be analysed unless the environment is more preciselj 
controlled. Accordingly attention was turned to Lemna minor 
which can bo grown imder closely controlled conditions, and ir 
which the study of ageing can be dissociated from the complexitiec 
of flowenng and morphological development which accompany 
ageing in Ipomoea. Preliminary experiments (Ashby, Wangermanr 
and Winter, 1949) disclosed that individual fronds in a colony oi 
Lemna growing exponentially are not immortal. They have a 
limited length of life and, in a constant environment, they produce 
a characteristic number of daughter fronds at characteristic intervals. 
Even though successive daughter fronds come from the same 
mcristem and develop in the same environment, no two of them 
are alike Each daughter frond is smaller than the onii preceding 
it because it consists of fewer cells; moreover, each hM a shortei 
hfe and produces in turn fewer daughters than the frond preceding 
it. There are, therefore, between the successive fronds from one 
meristem in Lemna minor, even more striking differences than occui 
between successive leaves on the shoot of a land plant. A thorough 
investigation has recently been made of the relation between the 
length of life of a Lemna frond under different conditions and the 
rate of diminution of area between its successiiie daughter fronde 
(Wangermann and Ashby, 1960). It is possible to change the length 
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of life of a frond by various treatments, and in every instance in 
which this has been done a change in length of life of a “ mother 
frond ” is accompanied by a corresponding change in the rate of 
diminution in area of its successive daughter fronds. An example 
of this is given in Fig. 3. 

The experiments provide convincing evidence that in Lemna 
a distinction can be drawn between the “ time age ” and the 
“ physiological age ” of a frond. Two fronds grown at different 
temperatures, or an early and a late frond from the same mother. 



Fio. 3 —llelation between area of bw 

of mother frond at which daughters appear^ (abscissae), for mother fronds 
growmg m four different conditions. 

t reprosents time of death of mother fronde. 

(WANOIRKAinf, 1060.) 


may all be the same “ time age ” but nevertheless have different 
expectations of life ; and the relative areas of their daughter fronds 
provide a simple criterion for the comparison of their physiological 


There is an apparent contradiction between the fact that even 
under constant conditions successive daughter fronds diminish in 
area, and the fact that the mean frond area of a colony remains 
constant. This apparent contradiction is resolved by a third fact, 
namely that the firrt daughter fronds of subnormally small fronds («.e. 
fronds from old mother fronds) undergo a process of rejuvenation : 
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they are larger than the fronds which gave rise to them. And 
this increase in area recurs in subsequent vegetative generations 
of first daughter fronds until the maximal area is restored. In 
brief, the exponential growth of a colony of Lemma minor can be 
resolved into cycles of agoing and rejuvenation in individual fronds 
and their vegetative progeny. 

Some progress has boon made in an analysis of the factors which 
determme frond size in Lemna minor. There is reason to suppose 
(Wangermann, 1960) that a frond produces a growth promoting 
substance which diminishes in quantity, or activity, as the frond 
becomes older. The length of life of the frond depends upon the 
initial amoimt of the substance and its rate of diminution. The 
substance diminishes more rapidly in the presence of heteroauxin 
(2 6 mg./litre); also it diminishes more rapidly at high temperatures 
than at low temperatures (the temperature coefficient of the rate 
of diminution is about 2), Its activity is independent of light 
intensity between 170 and 600 foot-candles. A daughter frond 
does not expand to its full area unless it has at least a fragment 
of the mother frond attached to it; this is interpreted to mean 
that the growth promoting substance is passed from mother to 
daughter, and the area reached by a daughter frond depends on the 
qu.uitity, or activity, of the growth promoting substance it receives 
from its mother at the time it is differentiating. If these conclusions 
are confirmed, they are evidence for the existence of a growth 
hormone which controls expectation of life and rate of ageing in 
Lemna mivor, and the next step in the investigation is to desenbe 
the physiological properties of the growth hormone and to attempt 
to identify it. 
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RECENT ADVANCES IN SCIENCE 

ASTRONOMY. By Michaki. W Ovknokn, B.Sp , F.R A.S., University 

Obsi rviitoncs, Cambridg**. 

Thb Ojmqin of Comibts. —Historically, the apx>earanoe of a bright 
comet has always been taken, by the uninitiated, as an omen of 
good or evil. The relatively rare, and frequently unpredictable, 
ooourrenoo of such strange and striking objects would naturally be 
met with wonder and awe. To the modern astrophysicist, with his 
wider horizons of metagalactio space, even a great comet may seem 
a relatively unimportant part of the cosmos, a matter for interest 
but hardly for awe. But, while to him a comet may no longer hold 
any awe-inspiring quality, it nevertheless retains something of the 
mystery, and, while objectively of httle present influence in either 
the solar system or the general scheme of the universe, the origin of 
comets may well hold a significant key to the still unsolved problem 
of the origm of the solar system. It is with this prospect in view 
that a theoretical model has been sought for the general system of 
comets which would be capable of explaining, not only the general 
physical characteristics of the various types of comet, but also the 
characteiistics and distribution of elements of the cometary orbits. 
The problem of the origin of comets has indeed exercised the minds 
of many a great astronomer in the past, but it is only with the recent 
pubheation of a new comprehensive theory by Oort that an approach 
to a satisfactory definitive theory can be said to have been made 
11, 91, Jan. 1960). 

The increasmg hght-gathering power of astronomical telescopes 
has shown that comets are not, in fact, particularly rare objects. 
No year goes by without the discovery of a number of new comets, 
many of which prove to have elliptical orbits with periods which 
can be measured in years or decades. In the past this increased 
light-gathering power has been obtained at the expense of very 
restncted fields, but the developn«ent in recent years of the Schmidt 
cameras with wide fields has enabled a much more complete coverage 
of the sky to bo made. In the future it is more likely to bo the 
Schmidt cameras which make the greatest additions to the list of 

68e 



ASTBONOMY 


687 

known comets than, as in the past, the assiduous amateur observer 
with a modest telescope but a detailed knowledge of the sky. 

It is highly significant that, of the new discoveries of faint comets, 
most prove to have orbits of short period, while the bright comets 
with well-developed coma and tail have periods which must bo 
measured in hundreds or thousands of years. A comet develops 
a tail by the action of solar radiation pressure on occluded gases 
released from its head by the heat of the Sun, and it thus develops 
a tail only when within that small part of its orbit lying close to the 
Sun. The short-period comets, never travelling far from the Sun 
and making frequent passages through perihelion, would in a cos- 
mically short time lose all their occluded gases, and remain only 
as faint nuclei. This process of dissipation is not the only one 
which contributes to the continual decrease in the number of bright 
long-period comets, for the perturbing action of the planets renders 
an originally long-period orbit into either a short-period one, or into 
a hyperbolic one, the comet in the latter case being lost to the solar 
system. To explain the present occurrence of bright long-period 
comets in a solar system whose ago is measured in thousands of 
millions of years is, indeed, one of the major problems which any 
theory of the origin of comets has to solve. 

The early theories fall into two distinct groups, the one supposing 
that the comets originate in the solar system by a process which 
must be continuously active, the other supposing that comets exist 
in interstellar space, their rate of occurrence thus bearing no 
relationship to the age of the solar system. More than a century 
ago, Laplace {(Euvrea Completes, 13, 88, 1904) examined the conse¬ 
quences of the interstellar hypothesis. In order to predict the 
observable properties of the distribution of orbital elements of 
comets, some assumption must be made about the distribution of 
velocities in the interstellar field of comets. He introduced two 
conceptions, namely the sphere of action of the Sun, a sphere with 
the Sun as centre and radius of 10* astronomical units, outside which 
the influence of the Sun could be neglected, and the sphere of 
visibility of radius 2 astronomical units, outside which the comet 
would be invisible from the Earth; with present techniques this 
radius should probably be nearer to 4 astronomical units. Laplace 
assumed that, outside the sphere of action, the number of comets 
with space velocities between V and v + dv — constant with all 
velocities fix>m 0 to oo. With this distribution, he found that the 
number of elliptic and parabolic comets entering the sphere of 
visibility most far surpass the number of hyperbolic comets. This is 
indeed one of the most significant features of the oometary orbits, 
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for in all cases where a definitely hyperbolic orbit has been estab¬ 
lished, an examination of the previous path has led to the belief 
that the orbit was originally parabolic or elliptical, and thrown into 
an hyperbola by planetary perturbations. Such a velocity distribu¬ 
tion is, however, highly artificial, having a singularity for v = 0. 
When a more reasonable distribution is adopted, and further account 
taken of the relative velocity of the Sun and the interstellar cometary 
field, the whole picture alters, and a large excess of hyperbolic 
orbits shoidd occur, in obvious contradiction to observation. 

This difficulty seems insurmountable, and recently attention has 
turned to variations of the scheme originally suggested by Lagrange 
{AdditioTia d la Conn, du Temps pour 1814), which supposed that 
comets originate from explosions on one of the major planets, a 
process supposed to be continuously operating. In suppotrt of this 
view, it can be shown that a number of comets, if their orbits are 
traced back, allowing for planetary perturbations, do appear to 
coincide, within the errors of observation and calculation, with 
Jupiter. The existence of a “ family ” of comets related to Jupiter 
(and less-distinct families related to Saturn and Uranus) is a marked 
characteristic of observed short-period orbits, but it would not seem 
{)ossible in this way to account for more than a very small fraction 
of the total number of comets recorded. 

It is clear that a real difference does exist between the distribu¬ 
tion of orbits of short- and long-period comets. The short-period 
comets show some preference for the plane of the ecliptic, for direct 
motion and for relationships with the major planets. The long- 
period comets show no such preferences. Inde^, at first sight the 
high proportion of orbits with high inclinations might suggest an 
avoidance of the ecliptic plane (see, for example, H. W. Wood, 
J. Brit. Astr. Ass., 60 , 106, March 1950). However, a random 
distribution of orbital planes can be represented by a random distri¬ 
bution of orbital polos; then such a random distribution with a 
homogeneous density of poles over the whole celestial sphere would 
result in a maximum number with poles in the ecliptic itself, f.e. a 
maximum number with high inclinations. (The same is true, of 
course, for inclinations measured from any great circle plane.) The 
number of long-period comets whose orbits are sufficiently well- 
known is small, but there is slight evidence that there are fewer 
with high inclinations than a purely random distribution would 
indicate, and hence some very sl’ght preference for the ecliptic with 
long-period comets is indicated, but it is much less pronounced than 
for the short-period comets, and any tenable theory must account 
for this difiTerenco. 
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In 1948, A. J. J. van Woerkom made ^ important contribution 
to the theoretical approach by examining the detailed effoctH of 
perturbations by the major planets, in particular Jupiter, on para- 
bolio orbits (B.A.N., 10, 445), and showed conclusively that on the 
average such orbits would be altered either to short-period orbits 
which thus become temporary members of the Jovian family, or to 
hyperbolic orbits, the comets thus being lost to the solar system. 
With van Woerkom’s theoretical results as a basis, Oort examined 
the observational data to try And explain why long-period comets 
are still observed while yet not coming from any interstellar field. 
The reduction of a definitive orbit for a long-penod comet from 
observation is difficult since the comet can only be observed over the 
very small arc of its orbit in which it is in the sphere of visibility, 
and the nature of a comet is not such as to make accurate positional 
measurements easy. In many cases, it is not possible to distinguish 
between an ellipse, a parabola and an hyperbola if the period is 
greater than 1000 years. However, in 1914 B. StrOmgren developed 
a technique of analysis which enables definitive orbits of some score 
of very long-period comets to be obtained. The distribution of 
orbits so revealed is remarkable in that, although no hyperbolic orbits 
occur, there is a very sharp frequency maximum for orbits whose 
semi-major axes lie between 50,000 and 160,000 astronomical units. 

Oort therefore supposed that at such distances lies a cloud of 
comets from which the long-period comets come. This distance is 
an appreciable fraction of the distance to the nearest star, and Oort 
examines the effects of perturbations by stars on orbits reaching 
out to 10* astronomical units. It is this consideration of stellar 
perturbations which is the significant and novel contribution which 
Oort has made to theory. He finds that for orbits with aphelia 
greater than 2 x 10* astronomical units, stellar perturbations will 
cause ejections from the solar system within relatively short periods 
of time. Here then is the explanation of the upper hmit to the 
radius of the oometary cloud, and also to the period of observed 
comets, since for a member of the cloud to be able to enter the 
sphere of visibility its orbital eccentricity must lie within fairly close 
limits. 

For comets whose aphelion distance is less than 2 x 10* 
astronomical units, the orbits will be relatively stable as far as stellar 
perturbations ore concerned, but those whose eccentricities are great 
enough will have entered the region of the planets and been trans¬ 
formed into either short-period comets or hyperbolic ones. In order 
to aoooimt for the “ new ” long-period comets, Oort examines the 
second-order effects of stellar perturbations, and finds that they are 
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able to make significant changes, since a comet with a highly eccen¬ 
tric orbit will spend most of its period near aphelion. In fact, they 
are sufficient to render the distribution in orbital planes and perihelia 
quite random, all components of velocity being equally distributed 
l^fore the comet has time to reach the sphere of visibility. In order 
to explain the number of “ new ” comets observed, it is only necessary 
to postulate a sufficiently large number of comets within the cloud ; 
the number so deduced is of the order of 10*^, The process will 
continue until an appreciable fraction of the total number of comets 
have been “ diffused ” from the cloud, and it is proved that, at the 
present age of the solar sjrstem, the depletion in this way is negligible. 
Once this mechanism is assumed, the perturbations by Jupiter 
examined by van Woerkom are able to explain the formation of the 
short-period comets and the characteristics of their orbits. The 
theoretical distribution of semi-major axes derived from this 
hypothesis agrees well with observation, except for a slight excess 
of “ new ” comets, a discrepancy which Oort believes due to the 
greater tendency of a comet approaching the sun for the first time 
to develop an extensive luminous envelope, and hence to be more 
easily observed. 

In seeking an explanation for the existence of this cloud of comets, 
Oort begms with the relationship between comets and other bodies of 
the solar system. On the one hand, the close connection between the 
orbits of some meteor streams and comets suggests at least a common 
origin for the two types of body. On the other hand, the extension of 
the number of minor planets known has shown that the difierenoe 
between the orbits of these bodies and short-period comets is not 
so distinct as was at one time believed (see Soinnoi! Progress, 
38, 476, July 1950). Further evidence for the connection comes 
from the examination of the physical structure of the oometaiy 
nuclei. The fact that a comet with a small perihelion distance 
travel smg the solar corona remains intact indicates that the size 
of the component units of the nucleus cannot be less than about 
half a kilometre, although to account for the transparency and low 
density of the comet they must be separated by relatively large 
distances ; such particles would form a “ missing Hnlr ” between 
the larger meteors and the smaller asteroids. If a common origin 
for both meteors and comets is assumed, then comets cannot have 
been formed by the process of gradual condensation and accretion 
(such as was suggested by Lyttelton, Mm. Not. Boy. Agtr. Soc., 
108, 466, 1948), since the complex internal structure of mBteorites 
can omy be explained by formation at a temperature much biglifti* 
than that of interstellar or interplanetary space. The minor planets 
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have generally been supposed to have originated in the disruption of 
a planet which originally pursued an orbit between Mars and Jupiter. 
Oort suggosts that those fragments of the explosion which had, or 
were soon thrown into, circular orbits became stable and constitute 
the main belt of minor planets. Others with elliptical orbits rapidly 
suffered large perturbations by the planets, and van Woerkom’s 
analysis shows that the effect of this would be for all but 3 per cent, 
of the fragments to be rapidly dispersed to interstellar space. The 
remaining fragments would form the cloud of comets postulated by 
Oort. Such fragments would be able to retain occluded gases until 
due to stellar perturbations they again entered the sphere of visibility 
as comets, but with orbits sufficiently perturbed for no evidence of 
an origin at a smgle point of space to remain. 

It is possible, in a rather inexact way, to make a test of Oort’s 
hypotheses. If it is assumed that the original exploding planet 
had a mass lying somewhere between that of Mars and Jupiter, and 
that 3 per cent, of this mass now remains in the solar system as a 
cometary cloud, the number of comets in the cloud being about 
10*^ (as deduced from the number of comets observed) then the 
mass of each comet must be of the order of 10'* grams. It is not 
possible to estimate the mass of a comet directly, an upper hmit 
of perhaps 10*® grams being all that could be stated. From indirect 
evidence, Vorontsev-Volyaminov deduced that the mass of Halley’s 
comet was of the order of 10*® grams (Astrophya. J., Sept. 1946). 
Considering the uncertainties of both the theoretical deductions and 
the observational data, the agreement is quite satisfactory. 

Oort has for the first time produced a comprehensive theory 
which is consistent with our knowledge of the physical constitution 
of comets and their relationship with minor planets and meteors, 
and which gives a semi-quantitative explanation of the main 
features of the distribution of orbital elements in both the short- 
and long-period groups. It rests fundamentally upon the assump- 
tioA of a cloud of comets situated at distances between 50,000 and 
150,000 astronomical units, and if the work of StrOmgren on the 
distribution of semi-major axes of the score of long-period comets 
which are all that have been sufficiently accurately observed hitherto 
omi be taken as representative of the complete group, then the 
hypothesis can be said to be at least partially confirm^ by direct 
observation. It remains to be proved whether or not the explosion 
theqry, combined with planetary perturbations, is able to explain 
the individual cases of (leouliar orbits, such as that of the recently 
discovered asteroid of smallest knoum mean distance (see SciatNos 
PboqBBSS, 38, 475, 1950). 
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The comets which arc thrown into hyperbolic orbits and are lost 
to the solar system will form an interstellar field of comets. It 
is interesting to speculate whether other planetary systems are also 
contributing to this field. If it is assumed that all stars have 
planetary systems producing h 3 rperboUo comets at the same rate as 
that of the Sun, there would be a density of about 10^* comets per 
cubic parsec. The general distribution of velocities wotdd be the 
same as that of the parent stars, and Jeans’ classical formulae on 
stellar encounters enable the prediction to be made that a truly 
hyperbolic interstellar comet should enter the solar system about 
once every century. With our present almost complete ignorance 
of the mechanisms involved in plat^etary formation it is impossible 
to say how poor an assumption is the one that supposes all stars to 
have a planetary system, and furthermore it by no means follows 
that in every possible planetary system an exploding planet will 
occur, but the possibility of observing a truly hyperbolic comet in 
the future would not appear too remote. If such is observed, 
any differences in its physical constitution may give valuable clues 
to the processes involved in the formation of planetary systems. 

PHYSICS. By Pbokkssob P. A. Vick, O.B.B., Ph.D., P.Init.P. 

University College of North Staffordshire. 

Optioal and Elbotkon Micbosoopks. —^1.—Not so very long ago 
it appeared to the non-specialist as if the development of the optical 
microscope was reaching its limit, except for details of design, hut 
that, on the other hand, the electron microscope might be improved 
considerably in performance. During recent years, however, there 
have been exciting additions to the scope of the optical microscope 
by, for example, the use of phase contrast, aspherical surfaces, 
mirrors instead of lenses, etc. The electron microscope, in what is 
becoming the conventional design, appears to be reaching a resolving 
limit of about 6 A., and there seems to be little prospect of improving 
this appreciably by standard techniques and improvemento in 
precision of construction. Here again, fortunately, now principles 
are now being applied to extend the usefulness of the instrument. 
It is the purpose of this article to indicate some of the newer develop¬ 
ments in both electron and optical microscopy, and to compare and 
contrast the scope and limitations of the instruments. 

2.—In a brief but interesting paper (J. Opt. 8oe. Amer., 40, 269, 
May 1960) L. Marton has made a general comparison of the uses of 
electrons and photons in microscopes. The charge of the electrons 
moans that repulsive forces between them must be into 
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aoooimt. Both the energy and momentum of electrons are con¬ 
tinuously and arbitrarily variable. The refractive indices of media 
for photons vary between 1 and 2, while the equivalent rofracstive 
index in electron optics is again continuously variable over a range 
of 1000 :1. Inelastic scattering of electrons by atoms of the object 
through which they pass is very important, especially if the atoms 
are of low atomic number. An electron microscope must bo operated 
in a good vacuum, which imposes severe limitations on the speci¬ 
mens which may be used as objects. Nowadays, electron micro¬ 
scopes often have three stages of magnification instead of the two 
normally used in light microscopes {e.g. M. E. Hoino, R. S. Page 
and R, G. Garfitt, J. Appl. Phys., 21, 173, Feb. 1950). The lenses 
are focused electrically and not by mechanical movement, except 
in a few cases. 

The wavelength of electrons is of the order of 10* smaller than 
that of the photons used in ordinary microscopes, and one would 
expect, therefore, a correspondingly smaller resolving limit. In 
practice, the aberrations of electron lenses make necessary the 
restriction of their numerical aperture to about one-thousandth of 
the best achieved in light microscopes, so that the least resolved 
distance for an electron microscope is about 5 A. (compared with 
about 4000 A. for U.V.). Experimentally, a resolving limit of about 
10-16 A. is reached in modern electron microscopes. To achieve 
this, the mechanical tolerances in machining the components of 
electron lenses are very fine. On the whole, the ranges of usefulness 
of electron and light microscopes do not overlap. There has, how¬ 
ever, been continuous interchange between the developments of the 
two types of microscope, and each continues to influence the other. 

3.—^This is not the place to discuss the technical advances in 
the detailed design and use of electron microscopes ; they have been 
described in a number of books and review articles as well as in 
original papers (e.g. R. A. Scott, Soibnok Pboobbss, 35, 638, 1947 ; 
L. Marton, Fhy«. Soe. Progr. Report., 10, 204, 1945; I>. Gabor, 
The Electron Microscope ; V. E. Cosslett, The Electron Microscope ; 
Ed. D. G. Drummond, The Practice of Electron Microscopy ; 
R. W. G. Wyckoff, Electron Microscopy : Technique and Applica¬ 
tions). There have been some very interesting new methods sug¬ 
gested during the last few years. l%e first is now well-known and 
widely used and consists of the evaporation in a high vacuum of 
metal atoms {e.g. gold) at an angle on to the specimen, so as to oast 
shadows " wUoh increase the contrast in the image by electron 
transmission (R. D. Williams and R. W. G. Wyckoff, J. Appl. Phys., 
17 , 23, 1946). The second is the electron-optical analogy of the 
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sohlieren effeot (L. Marion and S. H. Laohenbruch, J. Appl. Pkys., 
20, 1171, 1949). In principle, the effect is observed by projecting 
the image of an electron source on to an axial stop by means of an 
electron lens or lens system. The stop blocks all the direct rays, 
and in the absence of any scattering object or deflecting fleld in the 
space between somce and lens there is no electron beam beyond the 
stop. If, however, there is between source and lens scattering 
material or a magnetic or electric field which varies “ the refractive 
index for electrons ” the rays will be deflected from their normal 
paths and will form a dark-field image in the space beyond the stop 
and this can be photographed or observed on a fluorescent screen. 
The image on the plate or screen is thus a pictorial representation of 
the deflections in a plane conjugate to the image plane with respect 
to the lens. 

In their first experiments, the authors used a length of cobalt* 
nickel-plated brass recording wire, 0‘117 mm. diameter, magnetised 
by short current pulses spaced at about 0*43 mm. distance and 
alternating in sign. The wire thus has a series of magnetised 
portions of equal strength, size and separation and with neighbour¬ 
ing polos alike. The field distribution in the neighbourhood of the 
wire was checked by a powder pattern (using a ferromagnetic colloid) 
and then the wire placed in the object space of an electron micro¬ 
scope, perpendicular to the axis of the lens. The centre stop at 
the lens focus consisted of a 1-mm. copper disc supported by two 
fine metallic crosswires. A fluorescent screen was used to observe 
the image. The electron beam passing near the wire was devia.ied 
by the magnetic field, and gave a schlieren picture as in Fig. 1. 


Shaetoiv 
of wire 


Fio. 1. 

The bright schlieren images were easily identified with the mag¬ 
netic field regions by comparison with the powder patterns. While 
quantitative measurements of field strength are possible in principle 
from such schlieren photographs, they would be difficult in practice. 
Dr. Marton and his colleagues have, therefore, modified the method 
to give a bright-field shadow, which makes quantitative work easier. 

In the bright-field method, the obstruction is moved from the 
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axis in a plane parallel to that of the lens. In the absence of dis¬ 
turbing fields, a pencil of electrons passing through the Ions will 
oast a sharp shadow of the obstruction on a soreen or plate m the 
image plane. A disturbing field will then cause this shadow to 
move by an amount depending on the strength and geometry of 
the field. The displacements of the shadow thus enable the pro¬ 
perties of the field to be determined. If, for example, the disturbing 
field is produced by the magnetised wire already described, and the 
obstruction is a parallel (unmagnetisod) wire, the shadow of the 
latter consists of a series of loops corresponding to the periodic 
magnetic field round the first wire. The authors have found that 
experimental values of the deflections of shadows inserted into 
theoretical formulae which they derive give results verifying the 
theory and consistent with independent measurement. 

The paper is important in that it shows that electromagnetic 
fields may be added to the “ objects ” studied in the electron 
microscope. 

4,—A most ingenious method of increasing the effective resolving 
power of the electron mieroscojie has been described by D. Gabor 
{Nature, 161, 777, 1048 ; Proc. Roy. Soc,, A197, 464, 1949), which 
makes use of reconstructed wave fronts. In principle, the object 
is illuminated by a coherent monochromatic electron beam brought 
to a fine focus just before or just after the object. The emergent 
secondary wave front falls on a photographic plate some distance 
away. Though the arrangement superficially resembles a shadow 
microscope, the phootgraphic record is quite different, being pro¬ 
duced by interference between the background and the coherent 
parts of the secondary wavelets frona the object. The photograph 
is then printed (or developed by reversal). If it is now illuminated 
with a coherent monochromatic light beam which reproduces all the 
characteristics of the electron beam (including aberrations produced 
by the lenses) and if the relative position of the plate is the same as 
before, scaled up in the ratio of the wavelengths {i.e. about 100,000), 
then there is synthesised em enlarged image.of the original object, 
which can be focused by a suitable lens on to a second photographic 
plate. In order to avoid scaling up the linear dimensions in practice, 
a further lens is introduced with focal length equal to the distance of 
the object from the first photographic plate in the electron case, 
and so placed as to produce a reconstructed image praotiocdly at 
infinity. The arrangement is sketched in Fig. 2 (based on Pig. 1 
of Dr. Gabor’s paper'by kind permission of the author and of the 
Royal Society). 

Provided that the aberrations of the electron lenses can be 
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reproduced in the optical synthesiser, it is no longer necessary to push 
to the limit the correction of the electron lenses, or to use extremely 
small numerical apertures. The technical difficulties are still large, 
but not impossibly so, and Dr. Gabor estimates that a resolution 
limit of 1 A. could be achieved. So far, the principle has been tried 
out optically only (i.e. by using monochromatic light instead of an 
electron beam), and the results are very promising. One most 
valuable feature is that the diffipaction photographs contain data 
for the reconstruction of three-dimensional images. One plane 
after another of extended objects can be observed in the optical 
part of the microscope, just as though the original object (enlarged) 
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were in position. Experiments are now in progress on both sections 
of the device, and the results will be awaited with interest. For 
the theory of wave-front reconstruction the Proc. Roy. Soc, paper 
should be consulted. 

5.—Turning now to optical microsoopes, the expanding use of 
phase contrast is now well-known and need not be enlarged upon 
here. It is of interest to note, however, that the method is now used 
for viewing opaque objects by vertical illumination (H. Jupnick, 
H. Osterberg and G. E. Pride, J. Opt. Soc. Amer., 38, 338, 1948). 

Among other recent developments have been the xiae of reflecting 
surfaces, ^th spherical and aspherioal. The painstaking and 
enthufliastio work of C. R. Burch has been the admiration of many 
of us,^ and in two short papers (Proc. Phys. Soo., 69, 41 and 47, 1947) 
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he diacuBses reflecting microscopes made by him, based on somo 
fundamental work by Schwarzsohild as long ago as 1905. The 
reflecting objectives consist of a concave mirror with a central hole 
facing a smaller convex mirror. Sometimes both mirrors are 
aspherised, and sometimes the convex mirror is spherical. Figures 
quoted by Dr, Burch for two objectives include N.A. = 0-68, 
mag. = X 47 ; N,A, = 0*65, mag. ^ x lOOresiwetively. The visual 
performance of both objectives was comparable with good refracting 
objectives of equal N.A. One great advantage of such an objective 
is that it can be used directly with U.V. after focusing in visual light 
(the photographic plate being placed at the primary image). 

A quite different kind of U.V. microscope has been described by 
B. K. Johnson (J. Sci. Instr., 26, 148, 1949), in which the first 
magnification is produced by refiection from the silvered back 
surface of a lithium fluoride meniscus lens (rather similar to a mangin 
mirror), followed by fused quartz lenses and a Ramsden-type eye¬ 
piece corrected for U.V. It was found possible to reduce the 
chromatic aberrations to zero for a U.V, wavelength in the neigh¬ 
bourhood of 2750 A. and also for visible green light about 5460 A., 
so that the microscope may be focused in the latter wavelength and 
used in the former. The N.A, for 2749 A. is 1‘27 if the lens system 
is immersed to the object in a glyccrine-water-sugar solution ; and 
0*58 without any immersion. 

Another microscope using reflecting surfaces has been described 
by J, Dyson {Proc. Phya, Soc,, 62B, 566, 1949) This instrument 
is intended to fill the need for a microscope with a long working 
distance. This is often required in, for example, the examination 
of the surfaces of metals at high temperatures, surfaces inside 
vacuum tubes, biological specimens in water, etc. Effectively, the 
first objective is of unit magnification and consists of a spherical 
concave mirror so placed that the object is almost at the centre 
of curvature. Between object and mirror is a half-silvered plate 
which forms an image just behind the concave mirror, which is 
perforated with an axial hole to enable the image to bo examined 
by an ordinary microscope objective. For vertical illumination, a 
thin half-silvered pelliok mirror, made from collodion stretched 
across a ring which has been ground flat, is placed at 45° between 
the back of the concave mirror and the main microscope objective. 
To reduce spherical aberrations, the side of the first half-silvered 
mirror nearest the object may be worked to a weak convex surface. 
Dyson has described modifications of the objective for examining 
nuclear plates and for immersing in water for the observation of 
biological specimens. 
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R. Kingslake and P. F. DePaolia have described briefly {Nature^ 
163, 412, 1949) some of the remarkable new glasses developed 
during the last twenty years in the Kodak laboratories. These 
increase considerably the ranges of refractive indices and dislwrsive 
powers available to the lens designers. Although the stimulus for 
the development of the glasses came largely from the camera 
industry, there should be corresponding advantages in the design 
of microbcoiio lenses. 


GENERAL AND PHYSICAL CHEMISTRY. By J. W. Smith, D.So., 
Ph D., F.R.I C., Bedfonl College, London. 

CiiATHEATM COMPOUNDS.—^Mention has been made previously 
(SoiBNOE Progress, 1948, 36, 664) of the pecuUar addition com¬ 
pounds of the general formula 3C*H4(OH)a,M which are formed by 
quinol. These are produced by allowing quinol to crystallise from 
a solvent in the presence of a high concentration of the compound 
M. Under these conditions the quinol may separate in a hydrogen- 
bonded cage form, now termed /3-quinol, in which two interpenetrat¬ 
ing giant molecules of the hydrogen-bonded quinol units can enclose 
molecules of M to give the addition products. Since the report 
referred to above the addition of other molecules to quinol has been 
observed, and compounds are now known in which M may comprise 
H,S, SO, CHjOH, CHaCN, H.CO,H, CO„ HCl, HBr, C,H„ or 
even an atom of one of the inert gases argon, krypton, or xenon 
(Palin and Powell, J. Chem. Soc., 1948, 816; Powell, ibid., 1960, 
298, 300, 468). 

As a result of these studies ^it has been found that the enclosed 
molecule must satisfy certain reqiurements of size and shape. 
Naturally it must not be too large for the space available in the 
cavity, but cettain minor modifications of shape may occur in the 
quinol framework to accommodate different molecules. With a 
small and effectively spherical molecule such as hydrogen chloride, 
which does not fill the cavity completely, the two interpenetrating 
quinol frameworks which form the walls of the enclosing cavities 
adjust themselves to the positions they would occupy in the absence 
of any enclosed component, but to include non-spherical molecules 
the quinol structure distends Uke a trellis, being extended aloi^ 
the c axis of the hexagonal lattice and contracted in directions 
at right angles to this axis. These modifications in the shape of 
the lattice have been correlated with the dimensions of the enclosed 
molecules. A very sUght distension only occurs when the methyl 
alcohol molecule is enclosed, but with a much larger moteoule, such 
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as that of methyl cyanide, the distortion of the lattice is considerable, 
and the includ^ molecule orients itself so as to fit into the surround¬ 
ing structure. These modifications in the shape of the crystal 
lattice are in accord with the weak optical birefringence observed 
with these products. The double refraction for the compounds 
with hydrogen chloride, hydrogen bromide, hydrogen sulphide, 
acetylene, and methyl alcohol is slightly negative, whereas that for 
the compounds with formic acid, sulphur dioxide, and methyl 
cyanide is slightly positive, the highest value being found for the 
compound with methyl cyanide, which has the most distended 
structure. 

The latest and most interesting additions of all to this series of 
products are those in which the included molecules are inert gas 
atoms. The van der Waals radius fbr a methyl group in crystals is 
about 2 A., so it is to be expected that spherical atoms of this size 
and somewhat larger would be enclosed and retained by the cages. 
In the solid state the radii of the inert gas atoms are neon 1-61, 
argon 1*9, krypton 2*0, and xenon 2*2 A. The radii at room tem¬ 
perature will be rather greater than those values. It was to be 
expected, therefore, that addition compounds with argon, krypton, 
and xenon might be possible. This prediction has now been con¬ 
firmed, and these inert gases have for the first time been converted 
into forms which bear some resemblance at least to a stable combined 
state. 

The technique for the preparation of these compounds is ex¬ 
tremely simple. About 30 c.c. of an aqueous solution of quinol, 
saturated at room temperature, is placed in a stainless steel pressure 
vessel, together with a further quantity of quinol such that it will 
dissolve when the solution is heated. After washing out atmospheric 
gases, the inert gas is introduced under pressure, and the pressure 
vessel is heated in a large water bath. The solution is then allowed 
to crystallise by slow cooling. 

There is no strong interaction between the quinol and the inert 
gas, and so there is no spontaneous tendency for the latter to be 
included in the crystal, such as might be assumed for polar com¬ 
pounds like hydrogen sulphide and sulphur dioxide. It is there¬ 
fore necessary to arrange matters so that an inert gas atom it 
available in position at the surface of the growing crystal whenevei 
a cage of quinol molecules links up. As the solubilities of the gaset 
in water are low this can be assured only by using a fairly higl 
pressure. In Powell’s work the gas pressures used were 40, 20, anc 
14 atmospheres for argon, krypton, and xenon respectively. As th( 
solubilities of these gases increauie with increasing atomic weighi 
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these conditions Iea<l to approximately equal inert gas concentra¬ 
tions, so that when the crystals of the /5-form had been separated 
from the a-quinol which had separated out at the same time they 
were found to have compositions corresponding to 3C,H4(OH)„0*8A, 
3C*H4(OH)„0-74Kr, and 3C4H4(OH)j,0-88Xe, respectively. This 
indicates that about 80, 74, and 88 per cent., respectively, of the 
avaUable “ holes ” in the /9-quinol structures are occupied by the 
inert gas atoms. It seems likely, therefore, that if still higher gas 
pressures could be used almost complete occupation of the available 
holes might be achieved in the cases of the more soluble krypton 
and xenon. 

X-ray studies have shown that in these inert gas addition 
compounds the quinol has the undistended structure which woiild 
be expected from the spherical form of the included molecule. 
The argon compound undergoes no visible change on keeping at 
room temperature for some weeks. It gives off gas only very 
slowly at 40” C., but more rapidly at higher temperatures. It has, 
of course, no equilibrium vapour pressure, as the process concerned 
is irreversible, there being no tendency for gaseous argon to be taken 
up by solid quinol. On the addition of a solvent such as methyl 
alcohol to dissolve the quinol the inert gas is evolved vigorously. 

It has been suggested by Powell that, under suitable conditions, 
these compounds might prove to be a convenient portable source 
of the inert gases. Other similar addition products of these gases 
might also be envisaged, but preliminary attempts by Powell to 
form clathrate compoimds of argon with resorcinol, p-aminoph mol, 
or p-phenylone diamine from ethyl alcohol solution have so far 
proved unsuccessful. 

Quinol and helium also have given no addition product from 
benzene solution, but this result was to be expected, owing to 
the small effective size of the helium atom, well known for its power 
of penetrating small spaces, with the result that it cannot be retained 
by the quinol cage formed by six oxygen atoms linked through 
hydrogen bonds of length 2-75 A. along the sides of a plane hexagon. 
So far the addition of neon does not appear to have been investigated, 
but it will be interesting to see whether this atom, also, is able to 
slip out of the quinol cage. 

“ Adducts ” of CAUBOii-oHAtN Compounds with Ubba. —Over 
thirty years ago it was observed by Wieland and Sorge that some of 
the choleic acids formed addition products with paraffins and with 
fatty acids in which the proportions of the components depends 
on the chain length of the second constituent. The two components, 
however, are always present in a simple molecular ratio of 1:3, 
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1 : 4, 1 : 6, or 1 : 8. The compounds, however, all appear to be built 
on the same basic lattice, as Go and Kratky (Z. physikal. Chem. 
1934, B26, 439) found that almost all the deoxycholic acid-fatty 
acid compounds which they studied gave the same X-ray diagram. 
The chain molecules must therefore be enclosed in some manner 
which results in their not being detectable by X-ray methods, and 
Go and Kratky suggested that the fatty acid molecules are arranged 
one behind another, forming canals extending through the basic 
lattice. 

A more extreme case of behaviour of this kind has been observed 
by Bengen {cf. Bengen and Schlenk jr., Experientia, 1949, 5, 200), 
who found that mea has the property of combining with some 
paraffin hydrocarbons and with certain types of oxygen-containing 
aliphatic compounds to form crystalline addition products. These 
bear some similarity to clathrate compounds in that the presence 
of the second constituent induces the urea to crystallise in a form 
differing from its normal structure, so as to permit it to include 
molecules of the chain compounds, but they differ from the clathrate 
compounds in that the mcluded molecules are nut trapped completely 
within the crystal lattice of the urea. They differ, too, from the 
choleic acid addition products in that, whilst the molecular ratio 
of the constituents changes with the chain length of the second 
component, this ratio is not of a simple order, but appears to be 
capable of continuous variation. 

The conditions for the formation and the character of those 
urea addition compounds or " adducts ” have been studied in detail 
by W. Schlenk jr. {Ann. Chem., 1949, 565, 204), who has succeeded 
in obtaining products of this type with alcohols, ethers, aldehydes, 
ketones, mono- and di-carboxylic acids, esters, unsaturated hydro¬ 
carbons, alkyl halides, amines, nitriles, thioaloohols and thioethers, 
os well as with paraffins. 

The adducts are generally more simply prepared than are the 
clathrate compounds. Tt is often sufficient to add the chain com¬ 
pound to a concentrated solution of urea ; for instance, if a saturated 
solution of urea in methyl alcohol is treated with hexodecane the 
oiystedline adduct separates at once. In bther cases, e.g. with 
n-valerianic acid, it is better to dissolve the urea in the heated 
chain compound, when the adduct crystallises out on cooling. It 
is not always necessary for the urea to 1^ dissolved completely before 
addition of the second component, adduct formation occurring when 
finely powdered urea is simply stirred with liquid paraffin hydro¬ 
carbons or their solutions in l^zene or ethylene dichloride, although 
in many oases it is advantageous to add a small amount of urea 
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solvent (water or methyl alcohol) to facilitate the process. Finally, 
some compounds are even absorbed from the gaseous phase by urea 
to give these products. 

All the urea addition compounds of this new type crystallise 
in well-formed long hexagonal prisms or hexagonal plates, which 
grow rapidly to a length of several millimetres or even centimetres. 
They are therefore readily distinguishable from the tetragonal 
prisms of urea. In general the adducts have no definite melting- 
points as they dissociate into their constituents before the melting- 
point of the crystals is reached. 

Unlike either the clathrate compounds of quinol or the addition 
compounds of the choleic acids, these adducts of urea do not approach 
any simple molecular composition. In each homologous'series of 
adducts the molecular ratio urea : chain compounds increases 
linearly with the actual length of the moleotdar chain. Only slight 
differences in this respect can be traced on passing from one class 
of chain molecule to another, and these occur only with the shorter 
molecules. In this connection two general classes of adducts are 
distinguishable, paraffins, ketones, and carboxylic esters binding 
slightly less urea per unit chain length than do carboxylic acids, 
primary alochols, and primary alkyl halides, an effect which is 
apparently to be associated with the presence of an active group at 
the end of the carbon chain in the latter series of compounds. 

It is particularly noteworthy that urea most easily adds on 
straight chain compounds, whilst the addition of branched isomers 
is more difficult, and in many cases is quite impossible. For instance 
n-octane gives an adduct easily by adding the hydrocarbon to a 
saturated solution of urea in methyl alcohol, but 3-methylpentane 
does not. On the other hand, in the presence of a straight chain 
paraffin such as n-heptane or n-decane the 3-methylpenteme will 
also enter the adduct. When the chain is more branched still, as 
with isooctane (2:2:4-trimethylpentane), adducts have riot been 
formed under any conditions. A definite minimum chain length 
is also necessary before the addition products can be obtained. ']^e 
actual length depends upon the chemical nature of the chain com¬ 
pound, carboxylic acid and alcohol adducts beginning with »-butyrio 
acid and n-hexyl alcohol, respectively, whilst in the case of ketones 
even acetone forms an adduct. 

The obvious conclusion to be drawn from these observations is 
that spatial factors must play the decisive role in the formation of 
the crystals of adduct, but that the factors operating in this case 
must be very different from those which determine the formation of 
clathrate compounds. The fact that the compositions of the adducts 



OBNBKAL AND PHYSICAL 0HBMI8TBY 703 

Are to such a large extent independent of the chemical nature of the 
chain molecule suggests that the same structural principles must 
apply to them all. 

Examination by X-ray crystallographic methods has shown that 
a large group of the urea adducts have a similar crystal lattice, 
typified by that of the cetane-urea compound. The powder 
efiagrams of this group all show the same rings, and hence the chain 
molecules make no contribution to the interference patterns. This 
suggests that these molecules have no definite and periodically 
recurring arrangement in the adduct crystal. The patterns can be 
explained on the basis of a hexagonal arrangement of the urea 
molecules, forming a lattice which is leas close-packed than that of 
ordinary urea crystals, but with prismatic holes into which the 
carbon chains can enter down the centres of the hexagons. The 
actual cross-section of these prismatic holes, as indicated by the 
inter-atomic spacings shown by the X-ray diagrams and the known 
atomic radii, is such that a n-octane molecule, for instance, will 
fit easily into the hole, and even 3-mothylheptane can do so, but 
the'cross-sectional area of the 2:2:4-trimethylpontane molecule is 
too great to permit its entry. Theoretically a benzene ring would 
fit very elosoly into the hole ; actually benzene and its lower homo- 
logues do not give adducts, but when a long straight side-chain is 
introduced, as in octadecylbenzono, a urea adduct of the cetane t 3 rpe 
is formed. In lino with this observation it has also been found 
that 3-mothyleicosane, with its long straight chain and a short 
branch only near one end, forms the adduct without the presence 
of another hydrocarbon such as is necessary for 3-mothylheptane. 

The X-ray studies also show that the elementary cell containing 
six urea molecules has a length of 11*1 A., so that each urea molecule 
corresponds to a length of 1*86 A. Prom the relative proportions 
of urea and chain molecules in the adducts the average length of 
hole occupied by each chain molecule can be derived and compared 
with the length of the molecular chains when stretched to their 
fullest extent. With n-nonane and n-tetraeicosane it was found 
that one molecule of hydrocarbon was bound by 7*6 and 17*8 mole¬ 
cules of urea, respectively. These correspond with hole lengths of 
14*1 and 33 A., respectively, per hydrocarbon molecule. In the 
ideal fully extended state these molecules would be 11*7 and 30*6 A. 
long, respectively, indicating that in each case 2*4 A. is left empty 
for each molecule included, or else that this is the mean distance 
between the ends of successive molecular chains. Similar distances 
are observed also with other types of included molecules. These 
conclusions are confirmed by the densities of the adducts, which 
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are in close accord with the values calculated from the orysttdlo- 
graphic data and the compositions of the crystals. 

The formation of the adducts is exothermic to the extent of 
800 to 1350 calories per gram-molecule of urea; these values are 
of the order of magnitude usually attributed to van der Waals’ 
forces. Comparison of the values for various series of compounds 
led Schlenk to the conclusion that about 2800 calories per mole are 
evolved as a result of the combination of each CHg-group, whilst 
the lattice energy of the urea is increased by about 900 calories per 
mole. The total thermal change comprises these factors together 
with the energy of separation of the chain molecules from one 
another and the particular energies associated with the introduction 
of active groups into the adduct. To these latter factors is attributed 
the circumstance that in each scries there is a minimum chain 
length below which the adducts are not formed or dissociate very 
readily in contact with a solvent. The heat evolved in the forma¬ 
tion of the adduct decreases with decreasing chain length, and, 
beyond a certain member, passage into the adduct state becomes 
thermodynamically impossible. The length of chain at which this 
state of affairs is attained varies with the groups present in the 
chain molecule. Some investigations with very long chain com¬ 
pounds indicates that there may also be a maximum length of chain 
beyond which adducts are not formed. Octaeicosane was found to 
yield an addition product without difficulty, but the hydrocarbon 
CstUiit did not deposit a urea adduct from benzene solution. 
Similarly beeswax, which contains myristyl palmitate, gave no 
adduct. Schlenk suggests that such an upper limit to the chain 
length suitable for adduct formation is not improbable, owing to the 
fact that the heats of fusion of these compounds in calories per 
gram increase rapidly with increasing chain length, so that a limit 
may be reached beyond which the formation of pure crystals of chain 
compound may be more favoured energetically than the formation 
of adduct. 

Besides the adducts of the cetane-urea type, a number of urea 
addition compounds have been obtained which appear to be built 
up on a different principle, as their dilSraction patterns are of a 
different type. This behaviour is shown by many, but not all, 
chain molecules which have an active group at each end of the 
chain, and especially by the ouu-dichloroparaffins. These have not 
been so fully investigated yet and should prove a very interesting 
field of study in the future. 

As long as the carbon-chain component has a low vapour pressure, 
as is the case with cetane or stearic acid, the adducts are stable 
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almost indefinitely in air at ordinary temperature, but the products 
formed by compounds of higher vapour pressure, such as heptane 
or dipropyl ketone, undergo more or less rapid decomposition. 
Unlike the clathrate compounds, however, they have a definite 
equilibrium vapour pressure and it is a matter of some consequence 
how this vapour pressure varies as the volatile constituent is progres¬ 
sively removed. If the adducts are to be regarded as arising through 
adsorption, the vapour pressure should decrease progressively, 
whereas if they are compounds the vapour pressure would be expect^ 
to remain constant. The latter behaviour is observed, and this 
evidence, together with the constancy of composition of each adduct, 
leads Sehlenk to the opinion that they should be regarded as true 
compounds just as is CuS 04 , 5 H 20 . The variation of the vapour 
pressure with temperature leads to values of the heat of dissociation 
which are in reasonable accord with the observed values. 

The adducts all tend to split into their components on stirring 
with a solvent which dissolves either the urea or the chain compoimd 
or both. When only a limited amount of such a solvent is used, 
however, the dissociation is never complete, but a state of equili¬ 
brium between the adduct, chain compound, and urea is attained, 
with one or both of the latter in solution. The extent of this dissocia¬ 
tion tends to increase with rise of temperature. Solvents like water 
which dissolve the urea very readily lead to a high degree of dissocia¬ 
tion even when present in relatively small amounts, but solvents 
which dissolve the chain compounds cause only a slight dissociation 
of the adduct. The tendency to dissociate also decreases with 
increasing chain length of the included molecule, as would be 
expected from the relative energies of formation of the crystals. 

A little evidence that urea and chain molecules of this type 
associate to some extent even in the liquid phase is provided 
by the observation that in the presence of urea the solubility in 
water of w-valerianic acid is greatly increased, whereas the isomeric 
a-methylbutrio acid, which does not form an adduct, is no more 
soluble than in the absence of urea, showing the effect not to be due 
merely to salt formation. Also the dissolution of urea in an excess 
of n-butyrio acid and of wobutyric acid loads to evolution and absorp¬ 
tion of heat, respectively, suggesting a heat of combination in the 
former case but not in the latter. On the other hand, if such associa¬ 
tion occurs in the liquid phase it would be expected that compounds 
like cetane and stearic acid which are insoluble in water would 
dissolve in urea solutions, but no detectable solubility can be 
observed in either of these cases. 

It is evident that this field is by no means exhausted, and the 

YY 
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discovery of other systems which yield addition products of one 
of the forms discussed here is to be exi)eoted. Structures of this 
type may well explain other phenomena which have long been 
rather puzzhng, and a reinvestigation of a number of these odd 
addition products with modem technique and in the light of this 
present know]o<lge should form a fruitful field of study. 


BIOCHEMISTRY. By C. Long, M.A., B.Sc., D.Phil., Department of 

Biological Chemistry, University of Aberiieon. 

The Biosynthesis of Urea 

Any review of current work in the field of biochemistry—where 
advances have been unusually rapid during the last twenty years 
must begin at some fairly recent date. The original theory upon 
which rests the modern conception of the mechanism of urea forma¬ 
tion m m ammalia n liver was first stated in 1932. In that year, 
Kiebs and Henseleit published experiments which represent the 
first successful attack upon this problem. Their classical observa¬ 
tions led them to suggest, in outline, a theory of a closed chain of 
successive reactions, which they termed the “ ornithine cycle.” 
(See Science Peoorbss, 1933, 28, 294.) 

In spite of certain criticisms, later work has amply confirmed the 
general truth of this theory and has extended it considerably. 
Many relatively new biochemical techniques have been utilised for 
this purpose, including, for example, the use of isotopes for tracer 
work, differential centrifugation of cytoplasmic particles, paper 
chromatography, the production and study of the metabolism of 
artificially induced mutants of Neurospora craaaa and the use of 
adenosinetriphosphate (ATP) as a primary energy donor in onder- 
gonic (i.e. eneigy-requiring) reactions. Perhaps the most notable 
single acliievoment in simplifying the study of urea synthesis has 
been the successful separation of the various enz 3 ntnatic steps from 
one another and their subsequent individual study. During the last 
two or three years, progress has been so rapid that one may now 
postulate a scheme which explains practically all the known data. 

The Work of Krebs and Henseleit 

In their first paper (Klin. Wschr., 1932,11, 767), these investi¬ 
gators showed that urea was formeil when slices of surviving guinea- 
pig or rat-liver were incubated aerobically in a bicarbonate-saline 
medium of pH 7*4, containing ammonium chloride and an ozidisable 
substrate such as sodium lactate; it was assumed that ammonia 
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and carbon dioxide wore utilised for this purpose. When small 
amounts of ornithine (1) were also present in the medium, the rate 
of urea production was markedly increased. The ornithine was 
found to act catalytically, for its concentration ^d not fall during 
the course of the experiment and at low concentration one equivalent 
of ornithine was able to catalyse the formation of several equivalents 
of urea. In further work {Klin. Wsehr., 1932,11, 1137 ; Z. physiol. 
Chem., 1932, 210, 33) Krebs and Henseleit demonstrated that liver 
slices were also capable of forming urea from ammonia and citrulline 
(II). Since the livers of ureotelic (t.p. urea-producing) organisms are 
well known to be rich in arginasc, the enzyme which catal 3 rBes the 
hydrolysis of arginine (III) to ornithme and urea (IV), it became 
possible to elaborate the theory of the “ ornithine cycle.” This is 
shown schematically below, where ornithine is seen to be regenerated 
at the end of each complete eycle. 

NH,(CH,),rn(NH,)COOH - NHjCON lI(rH,),OH(NlI,)COOH 

(I) (II) 

NH,CONH. \ +H.0 , NH. /_h.o 

(IV) Nil / 

^ NH,CNH(ClI,),CH(NH,)COOH / 

( 111 ) 

The overall reaction may be represented by the equation: 

2NH, 4- CO,-► NHjCONH, + TJ,0 

Furtheb Evidenom eor the Ornithine Cycle 

In recent years many different lines of research have converged 
to confirm the existence of the Ornithine Cycle. First may be 
mentioned the work of Gomall and Hunter (j. biol. Chem., 1943, 
147, 693), for although this is a fairly recent investigation, the 
experiments were carried out with rat-liver slices under conditions 
very similar to those of Krebs and Henseleit and are complementary 
to the work already described. Gornall and Hunter showed that 
citrulline acted catalytically in urea synthesis, using the same criteria 
as previously stated for ornithine. Earlier, Krebs and Henseleit 
had been unable to demonstrate this. Next, they determined the 
relative rates of the throe steps of the Ornithine Cydo and found 
the decomposition of arginine to proceed with the greatest velocity; 
the citrullinearginine step was least rapid and therefore rate- 
limiting. It followed from this that the addition of ornithine to 
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respiring liver slices should lead to the accumulation of citrulline, 
and this was found to be the case. Further, analysis showed that 
the higher the concentration of ornithine used, the greater the 
accumulation of citrulline in the medium. This was the first 
demonstration that citrulline was in fact formed from ornithine by 
liver tissue and constituted an important piece of evidence in favour 
of the theory. 

Certain in vivo experiments using isotopes have also provided 
support for the Ornithine Cycle. Rittenberg, Schoenheimer and 
Kcston (J. biol. Chem., 1939, 128 , 603) fed to adult rats a normal 
diet supplemented with traces of ^*NH 4 citrate ; they detected ^*N 
in the amidino (NHgC(—NH)NH—) group of the arginine of the 
tissue proteins and also in the urea excreted in the urine of the rats. 
Clutton, Schoenheimer and Rittenberg {J. biol. Chem., 1940, 132 , 
227) then showed that when ornithine, labelled with deuterium 
(“ heavy hydrogen ”), was fed to rats, the arginine present in the 
tissue proteins also contained deuterium. 

In vitro studies by three groups of workers, using isotopic 
carbon, have demonstrated that the bicarbonate ion may be utilised 
for urea synthesis. Rittenberg and Waelsch {J. biol. Chem., 1940, 
136 , 799) incubated washed rat-Uver slices aerobically in a bicar¬ 
bonate buffer containing H‘®COa', together with ammonium chloride, 
ornithine and glucose; the urea formed contained **C. Inde¬ 
pendently, Evans and Slotin (J. biol. Chem., 1940, 136 , 805) obtained 
similar results, using bicarbonate labelled with ^’0. More detailed 
information regarding the fixation of COg by ornithine has lately 
been given by Grisolia and Cohen {J. biol. Chem., 1948, 176 , 929). 
They showed that when bicarbonate containing H‘*COa' was incor- 
•porated into citrulline, in presence of an enzyme preparation from 
rat-liver, the carbonyl-C of the citrulline exhibited the same specific 
activity as the initial bicarbonate-C. Furthermore, when this 
labelled citrulline was in turn incubated with another liver enzyme 
preparation, it formed urea of similar specific activity. 

Two other investigations in support of the theory should be 
mentioned, for they were among the first to shed light on the 
mechanism of the reactions concerned. The conversion of citrulline 
to arginine was studied by Borsook and IhibnoflF (J. biol. Chem., 
1941, 141, 717) using rat- and guinea-pig-kidney slices. Kidney 
proved to be very useful for studying this particular reaction, for it 
has no power to catalyse the conversion of ornithine to citrulline and 
is also well known to be devoid of arginase. Borsook and DubnofiF 
found that glutamic and aspartic acids were much better NHg-donors 
than was the ammonium ion in this reaction. They suggested a 



BIOOHKMISTEY 


709 

mechanism for it which they termed '■ oxidative transimination.” 
This need not be described in detail here, for more recent work has 
led to a revision of their mechanism and will bo reforretl to later. 

An Ornithine Cycle or something very similar has also been found 
to operate in a group of arginine-less mutant strains of the mould 
Neurospora crassa. The wild type of this organism is non-exacting 
in its aminoacid requirements for growth, for it can .synthesise them 
from the ammonium ion and gluco.se. By means of X-rajrs, it has 
been possible to induce mutations such that the new strains have 
no power to synthesise arginine, but require either arginine itself 
or some siMjciftc arginine precursor to be swided to the growth 
medium. In all, seven genetically distinct mutant strains were 
isolated by Srb and Horowitz (J. biol. Cltem., 1944, 154, 129), but 
four of them could also utilise both citrulline and ornithine, and 
two others could utilise citrulline but not ornithine. Only one 
mutant was exclusively dependent on arginine. These data have 
been taken to indicate that ornithine is the precursor of citrulline, 
which is in turn the precursor of arginine. Further, the fact that 
there are two different strains which can utilize citrulline but not 
ornithine indicates that there must be at least one intermediate 
step between ornithine and citrulline. 

Before passing on to more recent work, brief mention should be 
made of the fact that the Ornithine Cycle has not been free from 
criticism and that alternative theories have been suggested. For 
details, the original papers of Leuthardt {Z. physiol. Chem., 1938, 
252, 238; 1940, 265, 1), Bach (Biochem. J., 1939, 33, 1833) and 
Trowell (J. Physiol., 1942, 100, 432) should be consulted. The 
objections raised by these workers have generally been attributed 
to permeability factors and have been adequately answered by 
Kjebs (Biochem. J., 1942, 36, 768). In any case, the evidence 
which will be presented in the following sections so overwhelmingly 
supports the theory that the investigations cited above are now of 
purely historical interest. 

Thb Ornithine Cycle and Cell Organisation 

The investigations so far described have all been made under 
conditions which are often termed physiological; that is to say, 
evidence has been obtained both from in vivo experiments using 
compounds containing isotopes and from in vitro studies using slices 
of tissue, materi6d which must be regarded as highly organised. 
Early attempts to promote urea synthesis in tissue homogenates 
(i.e. suspensions of broken ceUs) or in extracts were without success. 
The reasons for this are now well understood. The destruction of 
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cell organiHation by grinding in aqueous media is accompanied by 
dilution of cell contents. Thus, the concentrations of activators 
such as magnesium ion or odenosinetriphosphate (ATP) are greatly 
reduced. Furthermore, a hydrolytic enzyme such as adenosinetri- 
phosphatase can now readily come into contact with its substrate 
ATP and this also causes a loss of activity. However, the enzyme 
systems in homogenates may frequently be reactivated by adding 
substrates, activators, etc., to the medium, and when so reconsti¬ 
tuted are sometimes more active than the intact cells from which 
they were derived, for the restrictive influence exerted by cell 
organisation no longer exists. 

The enzymic reactions taking place in urea synthesis have been 
studied in homogenates, fractionated homogenates and extracts 
durmg the last three or four years. By a singular piece of good 
fortune, it was early discovered that arginase and an enzyme 
required for the citruUine —arginine step could be extracted 
from disintegrated colls by means of aqueous media, so that the 
ornithine —»■ citiuUine stage could be studied separately with the 
insoluble lesidue. Tn the rest of this article, the individual steps in 
the Ornithine Cycle will be discussed in turn in the light of recent 
I'chcaich. 

Thm OkNITHINK -> CiTBTJLUNB STEP 

Borsook and Dubnoff (J. biol. Chem., 1947, 169, 461) were the 
first to demonstrate the conversion of ornithine into citruUine by 
respiring homogenates of guinea-pig-liver. They found that maxi¬ 
mal activity required not only ornithine, ammonium and bicarbonate 
ions but also a supply of energy, for the overall reaction is weU known 
to be endergonic. Further supplementation of the medium with 
glutamic acid, oxaloacetic acid and traces of ATP ensured the 
continual regeneration of energy-rich phosphate bonds. Almost 
simultaneously, Cohen and Hayano {J. (ml. Chem., 1947,170, 687) 
observed the aerobic synthesis of citruUine from ornithine in rat- 
Uver homogenates. In their system, maximal activity was obtained 
vhcn the respiration medium contained ornithine, bicarbonate, 
ammonium, potassium and phosphate ions, glutamic acid and ATP. 
If magnesium ions were also added to the medium, the yield of 
citrulhne was markedly reduced, due to its further conversion, by 
way of arginine, to urea. 

In a latei study, Cohen and Hayano (J. biol. Chem., 1948,172, 
406) showed that the enzyme complex lesponsible for the orni¬ 
thine —► citruUine reaction was associated with the insoluble particles 
of a rat-Uver homogenate, whereas part of the system catalysing 
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the oitrulline —> arginine step was water-soluble. This was a major 
technical advance, for by centrifuging a homogenate it became 
possible to study these two phases of the Ornithine Cycle in separate 
fractions. Using the insoluble liver residue, it was found that in 
addition to the components mentioned earlier, magnesium ions were 
also required for full activity in the ornithine—► citruUine step. 
This is in agreement with the general need for magnesium ions in 
reactions involving phosphorylation. 

The main findings of Cohen and Hayano have been confirmed by 
Leuthardt, MiiUer and Nielson {Helv. Ghem. Acta, 1948, 32, 744), 
who have used for their experiments a suspension of washed rat-liver 
mitochondria. This is a more highly fractionated preparation than 
the liver residue of Cohen and Hayano, which latter contains nuclei 
as well as mitochondria. The Swiss workers have also shown that 
malonate strongly inhibits citruUine formation. This effect is 
explained by the blocking of the succinate —>• fumarate stage of 
the tricarboxylic acid cycle and by the consequent inhibition of the 
oxidation processes which are coupled with ATP regeneration. As 
might bo expected, fumarate addition was able to cancel the inhibi¬ 
tion by malonate. Another observation made repeatedly by these 
workers was that at high concentration, glutamine could replace 
glutamic acid plus ammonium ions and, indeed, was two or three 
times as effective, catalytically. No obvious explanation for this 
finding has been forthcoming, but it has been mentioned here because 
it is an effect which, if confirmed, will have to be explained before 
the complete mechanism of the ornithine —>■ citruUine step can be 
known. It shoiild also be mentioned, however, that Cohen and 
Hayano obtained only smaU and very variable effects with different 
samples of glutamine when used in a concentration similar to that of 
Leuthardt et al. 

The present conception that the synthesis of citruUine involves 
the transfer of a completely preformed carbamyl group (—CONH*) 
to ornithine was first suggested by Leuthardt and Glasson (Helv. 
Chem. Acta, 1042, 25, 630). Leuthardt and Brunner (Helv. Ghem. 
Acta, 1047, 30, 058) maintained that the alternative mechanism, 
viz. the successive addition of CO, and ammonia to ornithine, was 
unlikely, although it hod earlier been assumed to be the most 
probable pathway (Krebs, Ann. Rev. Biochem., 1036,5, 262). Cohen 
and GrisoUa (Federation Proc., 1948, 7, 160) abtained evidence that 
the primary CO,-acceptor was glutamic acid rather than ornithine ; 
this, of course, would account for the importance of glutamic acid 
in the synthesis of citruUine. Further work by Cohen and GrisoUa 
(J. biol. Ghem., 1948, 174, 389), with a large series of compounds 
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which might have been expected to behave catalytically in the 
ornithine—►citrulline reaction, showed that only carbamyl-glutamic 
acid (V) was highly active, a fact later confirmed by Leuthardt et al. 
(1948). 

Very recently, Cohen and Grisolia {J. bioi. Chem., 1960, 182, 
747) have published details of their studies. They find that if the 
liver residue is first incubated aerobically with glutamic acid, ATP, 
ammonium, bicarbonate, magnesium, phosphate and potassium 
ions, then the addition of ornithine and further incubation under 
anaerobic conditions leads to citrulline formation. This is consistent 
with the endergonic synthesis of carbamylglutamic acid in the first 
stage, followed by transfer of the carbamyl group to ornithine. In 
a footnote to their paper, Cohen and Grisolia state that they have 
now succeeded in extracting from rat-liver residue an enz 3 rme, 
transcarbamylase, which catalyses the anaerobic synthesis of citrulline 
from ornithine and carbamylglutamic acid. All the evidence now 
points to the following scheme for citruUine synthesis : 


NH, 

HOOrrH,CH,CHCOOH + HCO,- -I- NH«+ • 
glutamic acid 


NHCONH, 

j 


HOOCCH,CH*CHCOOH -|- 2H,0 . (1) 

carbamylglutamic acid 

(V) 


carbamylglutamic acid -f ornithine —► glutamic acid -j- citrulline . (2) 

Beaction (1) requires ATP, magnesium ions and aerobic conditions, 
while reaction (2) needs only the enzyme transcarbamylase. 
Glutamic acid thus appears as a catalyst, being utilised in reaction 
(1) and regenerated in reaction (2). 

Before leaving the discussion of the ornithine —> citrulline phase 
of urea synthesis, the dependence of this reaction on the nutrition 
of the animal should be mentioned. MacLeod, Grisolia, Cohen and 
Lardy (J. biol. Chem., 1949, 180, 1003) have shown that, when a 
rat is fed on a biotin-deficient diet, its liver is only about 60 per cent, 
as active as normal rat-liver in the synthesis of citrulline. The 
activity can be restored to normal values, however, by addition 
of a boiled extract of normal liver (in which the enzymes have been 
inactivated) but not by biotin itself. These results are in accord 
with the reduced rate of other types of COi-fiLxation observed in 
biotin-deficient organisms and strongly suggest that biotin is pert 
of a coenzyme required for COg-uptake. 
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Thb (>rRULLiNB---> Akoininb Step 

Reference has already been made to the work of Borsook and 
DubnofiF (1941), who studied the synthesis of arginine from eitrulline 
by kidney slices and found glutamic acid to bo an obligatory meta¬ 
bolite in this system ; they suggested that the reaction involved an 
‘‘ oxidative transimination,** the overall result of which was repre¬ 
sented by ; 

glutamic acid -i- citnilhiio 4 - JOg —>>a-k44ogltiiaiic aoiil -f urginiiK^ + HjO 

The eitrulline —> arginine phase of urea synthesis was later 
studied by Cohen and Hayano (./. bioL Chejn,, 1946,166, 239 ; 251) 
who found a rat-liver homogenate to be the most active tissue 
preparation investigated. Maximal activity was obtained when the 
homogenate plus eitrulline was supplemented with ATP, glutamic 
acid and magnesium ions under aerobic conditions ; no synthesis 
of arginine was detected anaerobically. It will be noted that these 
requirements are rather similar to those needed for the ornithine —> 
eitrulline phase. This is partly due to the fact that both steps are 
endergonic. In later work, Cohen and Hayano (J. bioL Chem., 1948, 
172, 405), as previously stated, showed that while the ornithine —> 
eitrulline step was catalysed by enzymes present only in the insoluble 
residue of rat-liver, the eitrulline arginine stop needed both the 
insoluble residue and the supernatant. However, in this latter step, 
the rat-liver residue could be replaced by particulate material from 
other tissues such as heart or muscle, though homogenates of these 
latter tissues were by themselves quite incapable of promoting 
arginine synthesis from eitrulline. It was concluded that the 
insoluble matter was simply providing the enzymes of the tri¬ 
carboxylic acid cycle, which catalyse the oxidative processes needed 
for regeneration of ATP. The supernatant was presumed to con¬ 
tain a soluble enzyme capable of catalysing the transfer reaction. 

The mechanism of the enzymic reactions catalysed by this super¬ 
natant from rat-liver homogenate has been clarified by the recent 
work of Ratner (Federation Proc., 1949,8, 603). Ratnor and Pappas 
(J. bioL Chem,, 1949, 179, 1183 ; 1199) used only the supernatant 
fraction from rat-liver homogenates. The ATP-gonerating system 
was supplied by the well-known transphosphorylation reaction of 
glycolysis (Soibncb Progress, 1949, 37, 283). 

2-pho8phopyruvate -i- ADP pyruvate -f ATP. 

In consequence, the complete system was independent of oxidative 
processes and could take place under anaerobic conditions. In this 
way it was found that the amino-group for arginine synthesis was 
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derived from aspartic acid rather than glutamic acid. Indeed, 
glutamic acid was quite inactive, except in the presence of oxalo* 
acetic acid, when the formation of aspartic acid by transamination 
was presumed to take place. Furthermore, in contrast with earlier 
work, no changes in the state of oxidation of the metabolites accom¬ 
panied the transfer, for one equivalent of Z-malio acid was formed 
for each equivalent of citrulline utilised, the overall equation being 
written : 

aspartic acid -f citrullmo —► /-malic acid 4 arginine. 

Nevertheless, the reaction was believed to take place in two stages, 
represented as follows : 

NH 

RNH—i!—OU + II,N - CH.COOH 4 ATP -> 

OIIjCOOlI 

<*itrullinc asimrtiG 

(onolic form) iu4d 

NH 

RNH—C—NH—C'H.COOII + ADP 4 H,PO* . (3) 

CH,COOH 

intermediate 


NH 


RNH—C—NH~-CTl.COOH 4 HjO 


CHjCOOH 

intornii’iliato 


NH 


RNH->C -NH, + HO-CH.COOH 


. (4) 


arginine 


CH.COOH 
/-malic acid 


The evidence supporting this two-stage reaction in the conversion 
of citrulline to arginine was provided by the successful separation of 
two distinct enzymes from the supernatant. Enzyme A catalysed 
the condensation reaction (3), while another enzyme B was needed 
for the succeeding hydrolytic stage (4). By first mixing the reactants 
in the presence of enzyme A, citrulline disappeared and an equiva¬ 
lent of inorganic phosphate was liberated ; addition of enzyme B 
was required for the formation of equivalent amounts of arginine 
and 1-malio acid. 
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The earlier observations of Cohen and Hayano, with whole 
homogenates and glntainic acid, are explained by the fact that this 
substance is readily deaminated to a-ketoglutario acid which is an 
intermediate in the tricarboxylic acid cycle. Thus oxaloacetic acid 
is formed which is converted into aspartic acid by transamination 
with unchanged glutamic acid. In addition, the tricarboxylic acid 
cycle provides the necessary energy for continued resynthesis of 
ATP. Muller and Leuthardt {Hdv. Chem. Acta, 1950, 33, 268) have 
confirmed this role for glutamic acid ; by means of paper chromato¬ 
graphy (SciBNCB Pboobbss, 1947, 35, 299) they have demonstrated 
the formation of aspartic acid when glutamic acid is added to rat- 
liver homogenates, under the conditions used by Cohen and Hayano. 

The Abgininb —> Obnithtnb -f- Urea Stbp 

This phase has never provided any obstacle to the acceptance of 
the Ormthino Cycle ; indeed, it has always been the least contro¬ 
versial. Although the enzyme arginaso, which catalyses the reaction, 
is not widely distributed in animal tissues, it is abundantly present 
in the liver, so that arginine does not accumulate ; the arginine —> 
ornithine step is never rate-limiting. The purified enzyme has been 
studied by several workers ; it is soluble in water, has a high pH 
optimum and its only requirement for activity appears to be 
manganous ion. 


GEOLOGY. By G. W. TYBRBt.i., A.R.C.Sc., D.Sc., F.H.S.K., Tho 
University, Glasgow. 

Granitisation, Metasomatism, Mbtamorphism ami Tectonics 

The great granitisation controversy still goes on merrdy and the 
big guns, not to say the atom bombers, on both sides have come 
into action. Two symposia have been held, which have done 
much to clarify the issues. The first is reported in Memoir 28 of the 
Geological Society of America (1948); the second in the Report of 
the International Geological Congress, 18th Session (Great Britain, 
1948), Pt. Ill, 1950. Opinion seems to be rapidly crystallising to 
H. H. Bead’s common-sense conclusion that there are “ Granites 
and Granites” {Oecl. Soe. Amer. Mem. 28, 1948, 1-19). There is, 
he suggests, no unique solution of the problem, and ” no need for 
an either-or attitude.” The problem is essentially one of the inter¬ 
pretation of the facts of the field. To Bead, the making of granite, 
migmatisation and regional metamorphism are all parts of the one 
process which, following LyeU, he has styled plutonism. Volcanism 
is essentially different and separate from plutonism in its nature 
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and geological setting. cRead gives a masterly summary and 
criticism of the magmatic theory of the origin of granite, Mid dia- 
cusses such topics as the room problem, the granitisation process, 
the occurrence of feldspars in the adjacent country rocks identical 
with those of the granite, diffusion in the solid (on which he suspends 
judgment), the plutomc rooks, and “ mobilisation.” The con¬ 
clusion is : ” Whether as imgma or, if the process goes far enough, 
as magma, granitic material may move into higher levels of the 
crust and produce there the discordant granite bodies with aureoles 
of thermal metamorphism.” There might thus arise a granitic 
series depending on the mobility of the material. Termier’s opinion 
that granites with a narrow aureole of thermal metamorphism are 
magmatic, while those surrounded by vast masses of regionally 
metamorphosed rocks have been made by processes of granitisation, 
seems to be eminently reasonable. This view is reinforced by 
Ilagum’s classification, granites d'anatexie and granites en massifs 
circonscrits. In other words there are granites—and granites I 

Professor Read further clarifies his position in his second Presi¬ 
dential Address to the Geological Society of London on '' A Con¬ 
templation of Time in Plutonism ” {Quart. Journ. Oeol. Soo., CV, 
1949, 101-56). “ As the whole operation of plutonism,” he aays, 

“ depends upon the activity of migma-magraa, it is necossafy to 
deal with the time relations of crystallisation, deformation, granitisa¬ 
tion, migmatisation, metamorphism, intrusion and orogeny.” The 
concept of the Granite Series ” attempts to relate the plutonic 
phenomena at the various levels of exposure, and to give a unity 
to the processes of granitisation, migmatisation and metamorphism 
at depth, and at successively higher positions and later times. 

” The scries begins with the autochthonous granites associated 
with migmatites and metamorphites produced in situ in the depths. 
The movement of the granitised material provides the successive 
terms of the series. The parting of envelope and core, the structural 
control of movement, straining off, selective mobilisation, over¬ 
taking, and chemical variation in the series, are discussed. The 
Gramte Series ends with the late high-level plutons emplaced as 
viscous masses.” The Granite Series is thus viewed as ” linking 
granites in time, place and character. Place may vary vertically 
or horizontally, time differences may be small or immense, oharactws 
may be seemingly.inconstant.” But, “although there may be 
granites and granites, most of them are of one kind, and all of them 
may likely be of one connected origin.” The two Presidential 
Adrlresses of Professor Read are likely to become classics of this 
fundamental study. 
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G. E. Gtoodspeed is one of the few American geologists who 
incline decidedly to the metamorphic and metasomatic theories of 
the “ Origin of Granites (OeoL Soc. Amer, Mem. 28, 1948, 65-TS). 
He concentrates especially on field evidence and textural criteria, 
and describes transitional facies (rej)lacement dikes, replacement 
breccias and metamorphic migmatites). Goodspeed does not pro¬ 
nounce on the relative efficiency of the “ wet ” and “ dry methods 
of diffusion, but appears to admit the ix)ssibility of both processes. 
He seems to stand with the exponents of the middle position that 
there are granites—and granites. 

In three long papers P. Misch, ‘‘ Metasomatic Granitisation of 
Batholithic Dimensions **: Part I. “ Synkinetnatie Granitisation in 
Nanga Parbat Area, NW. Himalayas ** {Amer. Journ. Sci., 247, 
1949, 209-46); Part II. “ Static Granitisation in Sheku Area, NW. 
Yimnan (China) ” (ibid., 372-406); Part III. Relatiotiships of 
Synkinematic and Static Granitisation ’’ (ibid., 673-706), makes a 
very remarkable contribution to the granitisation controversy. In 
the first paper Misch takes up much the same position as Read’s 
(although Read’s name does not figure in his Bibliography) when he 
writes : I wish to emphasise the general validity of the statement 
that high-grade regional metamorphism and synorogenic granitisa- 
tion are invariably and necessarily linked.” In the Himalayan 
region which he describes, a thick scries of ancient argillites with 
thin calcareous bands ha« been subjected to regional metamorphism 
during Early Tertiary orogeny. “ Synkinematic metaniorphism 
of the argillites progresses from slates and phyllites through mica- 
schists and paragneisses to sillimanite-paragneisses.” Granitisation 
of the potash-predominant variety begins in the kyanite zone with 
porphyroblasts of microperthite, passing to potash-rich augon- 
gneisses of granitic aspect containing relict kyanite. Lit-par4it 
replacement along active foliation planes produces banded gneisses. 
In the interior of the Nanga Parbat massif the process ends with a 
massive, coarse-grained granitic gneiss. The calcareous layers are 
not granitised but are preserved as conformable intercalations in 
the gneissose granite. There is complete structural continuity 
from the weakly metamorphosed area to the intensely granitised 
region. This is clearly one of the most complete examples of 
progressive granitisation yet described. The transformations have 
been effected by “ granitising solutions.” Most emphatically Misch 
is not a dry ” ! 

The second paper on static granitisation deals with granodiorite- 
porphyries which are believed to have been formed by the metaso¬ 
matic replacement of Mesozoic ” red beds ” in Yunnan. Stratifiioa- 
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tion and the clastic textures of the sediments are largely preservec 
in the ensuing granoiliorite-porphyries. The phenocrystio oligo- 
clase, microperthite and quartz of the porphyries are porphyro- 
blasts showing rejdaoement features. Metasomatism took place 
at shallow deptlis and at a moderate temperature by rising solutions 
containing alkalis, especially soda. 

The third paper is of a general character and draws together the 
facts and conclusions from the study of the Nanga Parbat and 
Yunnan areas. We quote from the excellent sununary to this 
paper : “ Genetically, synkinematic granitisation is presented as a 
fundamental process in gcosynclinal orogeny, and static granitisa¬ 
tion as its continuation after the end of orogeny. Post-orogenic 
conditions favour a carrying of the process into higher levels of the 
crust. Where only static granitisation is visible, the products of 
previous synkinematic granitisation may be concealed at depth. 
Granitic batholiths are considered as predominantly metasomatic, 
and the rise of magma in broad fronts to shallow levels without 
breaking through as unlikely. Mobilisation of metasomatised rock 
masses may more locally occur as a still more advanced stage of 
granitisation. To sum up, genetic unity of synkinematic and static 
granitisation in geosynclinal belts is emphasised.” Wo regard this 
series of papers as one of the best statements of the moderate 
granitisation position. 

Most magmatists would admit that it would be very easy for 
arkosos to be transformed into granite, and for basalts and dolerites 
to be turned into gabbros, by simple metasomatic processes. An 
excellent instance of the transformation of arkose is reported by 
H. A. Coombs in his paper on “ Granitisation in the Swauk Arkose 
near Wenatchee, Washington ” (Amer, Joum. Set., 248, 1960, 
.369-77). Along the axis of an anticline the arkoses have been 
locally transformed into a rock having the composition and texture 
of granodiorite. ” The various steps in the granitisation process 
can be traced from the initial stages wherein the quartz is enlarged 
by secondary growths, and the plagioclase is rinuned with clear 
albitc, to the final stage resulting in a coarse-grained rock of inter¬ 
locking crystals devoid of interstitial matter.” The process seems 
to have taken place at comparatively low temperature, and only an 
extremely small amount of solutions may have been needed for the 
transformation. 

l>r. Doris L. Reynolds’s paper “ Observations concerning Granite ” 
{OeoL en Mijnb., 11, No. 8, 1949, 241-53) presents as thorough a 
discussion and review of literature as Bead’s, combined with her 
own extensive observations on the subject, but from the more 
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extreme Transformist standpoint. She discusses critically the 
original observations of Hutton on granite veins, and concludes that, 
while they are undoubtedly statements of fact, they do not bear 
the conclusion that Hutton drew from them, namely, that the 
granite was injected in the magmatic state. Great play is made 
with the now common observation that pods of granitic material 
are found completely isolated within the adjacent schists, etc., and 
MacCulloch’s neglected observations of 1816 on this phenomenon 
at Hutton’s classic locality of Glen Tilt are brought into service. 
(The writer would like to be assured of the correctness of Mac¬ 
Culloch’s petrographical identifications on which much of the 
argument hangs.) Hr. Reynolds claims that “ the Transformist 
interpretation of granite . . . satisfies the structural requirements, 
solves the space problem or at the worst reduces it to negligible 
proportions, and provides an explanation of the association with 
granite of basic roof-rocks and inclusions, and of aureoles of Fe-Mg 
enrichment.” 

In his paper ” Some Observations on Homogenization and on 
Geochemical Discontinuities in Granitic Areas,” H. G. Backlund 
{Inter. Oeol. Congr., 18th Session, Great Britain 1948, Report Part 
m, 1950, 31-44) endeavours to establish the proposition that the 
structural and textural peculiarities of megaporphyritic granites, 
and even-grained granites, can be correlated with the respective 
tectonic styles of the sedimentary formations within which they are 
emplaced. The former are developed by the transformation of 
sediments of fairly equal competence with harmonious isoclinal 
folding. The even-grained granites, on the other hand, are 
developed within sediments of varying competence that show 
crumpling and disorderly folding. The highly involved reasoning 
and the geochemical considerations on which these generalisations 
are based are difficult to imderstand ; but that may be the writer’s 
fault. Professor Backlund’s mental eyes have the same faculty of 
piercing solid granite as Sam Weller’s imaginary eyes had of pene¬ 
trating a brick wall. Backlund points out that geochemical dis¬ 
continuities in the ores associated with granitic masses militate 
against the theory of their magmatic origin but, on the other hand, 
harmonise with geochemical discontinuities within the sedimentary 
rooks from which granites have been developed according to the 
Transformist theory. On the other hand, Backlund believes in the 
gradual ” homogenisation ” of granites through the continued 
operation of the transforming agencies—a process which might be 
thought to have “ ironed out ” the geochemical discontinuities 
also. 
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The following is a summary translation of the Abstract of C. B. 
Wogmann’s paper, “ Transformations m^tasomatiques et Analyse 
tectonique ” {Inter. Qeol. Congr., 18th Session, Great Britain 1948, 
Report Part III, 1950, 46-62); “ The idea of the transformation of 
sediments has its roots in stratigraphical and tectonic studies, for 
both Pre-Cambrian and Post-Cambrian terrains. Sederholm found 
that ho could only succeed with the aid of the metamorphio prin- 
fiples developed by the early French school. These origins are 
important for the logical structure and evolution of Transformism. 
The development of physical chemistry and the application of its 
rules to petrological problems has limited the field of view of many 
researchers to physico-chemical interpretations. These schools are 
inspired, each in its own way, by laboratory data, ending with the 
aid of extended extrapolations in very different results; but the 
ftamework of stratigraphical, tectonic and kinematic facts must 
delimit the field of extrapolation. The progress of tectonic analysis 
permits the construction of a framework exhibiting the phenomena 
from the angle of geochemical tectonics. Wegmann, as shown by 
previous work also, is of the school of Backlund and Reynolds, with 
a tendency to stress the tectonic aspect of Transformism. ” 

(iranitisation of geosynclinal sediments in an orogenic setting is 
now a widely accepted theory, but the purpose of D. L. Reynolds’s 
paper “ The Transformation of Caledonian Granodiorite to Tertiary 
Granophyro on Slievo GuUion, Go. Armagh, Northern Ireland ” 
{Inter. Geal. Congr., 18th Session, Great Britain 1948, Report Part 
III, 1950,20-30) is to describe an occurrence of granitisation within 
a kratogenic setting. In this paper she describes a spectacular 
series of changes whereby the Caledonian granodiorite of Newry 
has been transformed into typical Tertiary granophyre. The 
initial stages of transformation appear within the solid granodiorite 
as it approaches the down-faulted Tertiary volcanic pile of Slieve 
Gulhon. More advanced changes are found within definite horizons 
of explosion breccias. The transition is illustrated by nine chemical 
analyses which, when plotted, give a regular variation-diagram. 

Dr. Reynolds, in collaboration with A. Holmes, has also published 
a paper on “ A Front of Metasomatic Metamorphism in the Dal- 
radian of Co. Donegal ” {O.R. Soc. G4ol. Finlartde, No. 20, 1947), 
which the writer unfortunately has not yet seen, but it doubtless 
represents a further illustration of the doctrine of “ fronts ” which 
is associated with these authors. 

In a memoir on “ The Geology of the Osi Area, Horin Province,” 
B. C. King and A. M. J. de Swardt {Geol, Surv. Nigeria, BvM. No. 
20, 1949, 92 pp.) describe and discuss a complicated succession in 
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the Pre-Cambrian Complex of Nigeria. Within an Older Gneiss 
Complex at least one of possibly several granite cycles has been 
recognised. These gneisses were later invaded by sheets of basic 
rocks (metagabbro). The whole complex was then penetrated by a 
large mass of coarse porphyritic granite. The authors discuss the 
study of textures in petrogenetic interpretations, the significance of 
“ fronts ” in granitisation in relation to ionic mobility, and the 
relations between granite emplacement and structures. Further, 
they adopt the conclusions of Lapadu-Hargues concerning the order 
of mobility of common elements in transformation processes, i.e. 
K (least), Ca, Na, Mg, Fe (greatest). Yet, as Bowen says, the large 
K atom, “ must be assumed to be among the most susceptible to 
solid diffusion if granites are to bo formed by that process. More¬ 
over Mg ... is both lighter and smaller than K. Why does Mg lag 
behind in this process of granitisation by solid diffusion ? ” The 
authors favour, on the whole, the “ dry ” granitisation processes. 
This memoir is outstanding for its clarity and excellent mode of 
presentation. The Geological Survey of Nigeria is to be congratu¬ 
lated on publishing a purely theoretical and scientific memoir not¬ 
withstanding its dominant economic preoccupations. 

With R. Perrin and M. Roubault (“ On the Granite Problem,” 
Joum, OeoL, 57, 1949, 357-79, and earlier papers) we reach the 
** dry diffusion ” extremists. After some criticism of the magmatic 
theory the authors present evidence that granite originated by 
diffusion and reaction in the solid state.” This evidence is practic¬ 
ally the same as that which is used by the “ wet ” transformists to 
support their position, and by magmatists to explain pegmatites, 
etc. Perrin and Roubault impartially attack both; both are 
accused of giving way to “ anthropomorphic or subjective impres¬ 
sions ” (whatever they are). But we think the present authors are 
by no means free from these intellectual vices. The whole paper 
is highly controversial in tone. The theory of dry diffusion as the 
main agent in granitisation is referred to later when dealing with 
the contributions of Bowen and Jagitsch to the problem. 

The same authors have re-asserted their position on Meta¬ 
morphism of the Trias in the Alps ” {Oeol. Mag., LXXXVII, 1950, 
89-101) which was so devastatingly criticised by M. Lugeon and 
later by O. T. Jones (see Soibncbj Progress, July 1949, p. 620). To 
quote from the latter refoi*ence: “ The basal Trias rests with 
great unconformity on ancient schists, gneisses and granites. . . . 
A reddening effect is seen in the rocks underlying this and similar 
unconformities, whether metamorphic or not, and is attributable 
to contemporaneous weathering. In the ScheidnOssli section the 

zz 
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unconformity is marked by a peculiar arkose about 12 ft. thick, 
which grades downwards into a gneiss, but is sharply truncated 
above by the base of the Trias. This in interpreted as due to 
‘ disintegration in aitu.* But Perrin and Roubault claim this 
arkose as a product of post-Trias metamorphism which, with the 
subjacent gneiss, is regarded as due to granitisation working up 
from below, the [transforming agents] being blanketed off by the 
Trias which is assumed to have acted as a barrier to the trans¬ 
forming processes.” In the present paper Perrin and Boubault 
have brought forward new evidence and further arguments in 
support of their views, but we think that the great maj'ority of 
geologists will remain unconvinced. They seem to take up the 
position that the whole geological army is all out of step except 
them. 

In P. Efkola, “ The Nature of Metasomatism in the Processes 
of Granitisation ” {Inter. Oeol. Congr. 18th Se.asion, Oreat Britain 
1948, Report Part III, 1950, 6-13) we have the exponent of ” wet ” 
diffusion involving original granitic magma within the foundations 
of the great gneiss-granite massifs. He shows that in the various 
tyjies of sedimentary and metamorphic rocks which are subject to 
granitisation, the chemical change into ” granite ” is best explained 
by the “ mass action of granitic magma which soaked into the rook,” 
with fixation of the substances needed by the invaded rock, and 
expulsion of those not needed to turn them into granites. Thus, 
the granitisation of quartzite would mean the addition of all oxides 
in varying amounts except silica, and a large amount of silica would 
be expeUed. 

Characteristic of this kind of meiasomatic granitisation is the 
constant occurrence of intermediate stages and of relict structures, 
such features being “ lacking in those granites that otherwise prove 
to have crystallised from liquid magmas such as the Bapt^wi, the 
synkincmatic differentiated intrusives (the ‘ urgranite ’ of Sweden), 
or the graphophyric granites differentiated from dolerite.” The 
bulk composition of these granites, “ whose magmatic origin is 
beyond any doubt,” may be identical with that of granites derived 
from sediments, wluch is regarded as strong evidence'that liquid 
magma has been the ultimate source of material in all cases. 

Eskola shows that the metasomatio changes have not ooctured 
at constant volume; hence the swelling into domes and upward 
intrusion, which are invariable features of granitisation. 

N. H, Magnusson, in his paper on “ The Origin of the Sormland 
Gneisses ” {Inter. Oeol. Congr., 18th Session, Oreat Britain 1948, 
Report Part III, 1960, 14-19) shows that these veined gneisses are 
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more or less strongly altered leptites» slates and granites, with a 
long and complicated history. This alteration was caused by 
granitic emanations and solutions coming from deeper zones of the 
earth’s crust where palingonetic processes were in operation. The 
original rocks have been altered in such a way that enrichment in 
the most stable constituents, and impoverishment of the more 
soluble constituents, have taken place, resulting in a decrease in 
silica, alkalis and calcium, and an increase in Al, Fe and Mg. Mag- 
nusson finds it necessary to assume that the emanations and solu¬ 
tions from the depths soaked their way through the strongly schistose 
complex with its iron ores and limestones. Tn the roof of the veined 
gneisses tlie solutions have given rise to cross-cutting pegmatites, 
gi^anitos and mica-schists of metamorphic derivation. His point 
of view therefore approximates to that of Eskola. 

In his study, ‘‘ Ueber Verschiedenheiten im Verlaufe mag- 
matischer und metamorpher Prozesse, erlftutert an Beispielon 
aus dem Aarmassiv,” H. F. Huttenlocher (Mitt. Naturf. Qes. Bern, 
(NF), 4, 1947, 85-116) considers granite intrusions and granittsations 
which, in the Aar Massif, are differently develo|)od according to 
their geotectonio arrangement and structural level. In some 
districts true juvenile magmatic melts occur on high structural 
levels where they cooled quickly, and show few or no “ adjustment 
processes ” with the adjacent rocks. On the other hand, in other 
regions where ** granite ” is exposed at deep structural levels, 
reactions between the melts and the adjacent rocks lead to the 
“ hybridisation of the whole granite mass.” The intimate ” acid ” 
penetration of rocks immediately adjacent to the Aar Massif has not 
been caused by these molts, but by anatectic material mobilised by 
orogenic movements at geosynolinal depths. In the Erstfolder 
Gneiss and other masses anatectic granitisation has reached a very 
advanced stage. Here again, Huttenlocher’s standpoint is that of 
Eskola’s. 

Tn a paper on “ Tectonics of the Mt. Aigoual Pluton in the South¬ 
eastern Cevennes, France, I and II ” 1). de Waard (Proc. Kon* 
Nederl Akad. Wetensch., Lll, 1949, No. 4, 389-402 ; No. 5, 539-60) 
shows that in this granite pluton the mechanism of intrusion has 
been doming of the roof and not stoping. Domes of flow structures, 
slates dragged upwards near the contacts, drag-faults indicating 
raised blocks near the pluton, and long-distance faults showing 
arching of the roof, provide evidence of a magma forced upwards, 
and enlargement of the magma chamber by doming of the roof. 

Thus the structures of the Mt. Aigoual pluton (and of all the 
granite massifs of the Cevennes so far as observed), and the narrow 
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zones of contact metamorphism, prove the existence of " magma 
or mush,” and magmatic flow. “ The granite has been a mobile 
substance during its mia6 en place, and there are no indications [of] 
metamorphic diffusion in the present magmatic deposit. No 
evidence has been found bearing on the origin of the mobile granite 
mass in depth before its intrusion.” 

R. C. Heim describes the petrology of the above granite (ibid.. 
No. 0, 676-84). His most noteworthy observation is that textural 
and structural features indicate that a long process of crystallisation 
and re-crystallisation had been going on prior to, and during the, 
emplacement of the pluton. 

In two recent papers, “ Magmas ” (Bull. Oeol. Soc. Amer., 58, 
1947, 263-79) and “ The Granite Problem and the Method of 
Multiple Prejudices ” (Oeol. Soc. Amer. Mem. 28, 1948, 79-90), 
N. L. Bowen makes powerful and penetrating criticisms of the 
granitisation theories from the Magmatist viewpoint. He says, 
however: “ There is probably no magmatist who does not believe 
that igneous and especially granitic material has occasionally been 
introduced into and replaced other rocks to such an extent that 
they acquire the composition of granite. He does reject the con¬ 
tention that most granitic rock has been formed by this process cf 
granitisation. Similarly there is probably no upholder of the 
metamorphic view who does not accept the possibility of a little 
granitic magma on occasion. . . . The real question is, then : How 
much granite is magmatic and how much metamorphic ? ” Thus, 
again, we have the view that there are granites—and granites. 

Bowen is especially critical of the views of the “ dry ” granitisers 
on physico-chemical grounds. His conclusion is that solid diffusion 
may explain some synantectic phenomena (coronas, reaction- 
rims, etc.), but it is highly improbable eis a major factor in geological 
processes such as granitisation. His main objection to l9.rge-scale 
“ wet ” granitisation is based on the huge supply of energy it 
requires for which no source is in sight. Furthermore, the space- 
problem is just as difficult and insistent for Transformists as for 
Magmatists. 

Bowen’s criticism of “ dry ” diffusion as the main agent of 
granitisation is powerfully reinforced by the results of R. Jagitsch 
in a note on “ Geological Diffusions in Solid Phases ” (Nature, 164 , 
Sept. 17, 1949, 497-8), He shows that, in a most favourable case 
of diffusion of NajO in AlSi compounds at temperatures close to 
the melting-point, the velocity of diffusion is so small that in 10“ 
years the reaction layer could attain a thickness of only a few 
dozen feet. He thus comes to the conclusion that diffusion in solid 
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phases cannot play any important part in the transport of matter 
over long distances. 

In a paper on “ Granite and Metasomatism ” the veteran and 
versatile geologist and petrologist R. A. Daly (Amer. Joum. 8H., 
247 , 1949, 753-78) enters the granitisation controversy decidedly 
on the Magmatist side. The jjaper “ is intended to show that the 
[Transformists] have not thought to scale, have neglected many 
vital facts bearing on the problem, and have in no wise weakened 
the arguments of the Magmatists which have led towards what 
appears to be a sound theory of the evolution of the earth’s crust.” 
He takes the same view of the energy problem, of ‘‘ dry ” diffusion 
and of “ homogenisation ” as Bowen does. Daly, true to his life¬ 
long preoccupation with petrological tectonics and the earth-shells, 
claims that Transformists have not sufficiently considered the 
relations of metasomatism of the granitisation type to the Archaean 
basements which represent the nearest accessible approach to the 
Sial layer. Why, too, he asks, is the Sial shell largely confined to 
one hemisphere, and why has the basaltic substratum of the Pacific 
hemisphere escaped granitisation ? He lists twelve kinds of argu¬ 
mentative trouble ” for Transformists, and thinks that Magmatists 
have provided better answers for at least some of the questions he 
formulates. 


PEDOLOGY. By G. V. Jacks, M.A., Commonwealth Burenin of Soil 

Science, Rothamsted Experimentifi Station, Harpenden. 

The Role op the Soil Fauna in Soil Formation, —A feature of 
recent pedological research has been the increasing recognition that 
soil formation is essentially a biological phenomenon. In Russia, 
indeed, it is very rare for a pedological paper to be published without 
the author going out of his way to show that he is approaching his 
subject strictly from the biological angle. Elsewhere, also, increas¬ 
ing attention is being paid to the role of living organisms in trans¬ 
forming a geological rock or deposit into soil. Formerly, the main 
interest was directed to the role of micro-organisms, but latterly 
the emphasis has switched to the smaller macro-organisms—^insects, 
arthropods, earthworms, etc.—^which, taken together, are believed 
by many biologists to be more important soil-forming agents than 
mioro-organisms. 

The early work of Charles Darwin {The Formation of Vegetable 
Mould trough the Action of Earthioorma, 1881), who showed that 
worms move 7-14 tons of subsoil to the surface annually, and that 
they ingest large quantities of plant residues and excrete them in 
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a humified form and intimately mixed with mineral particles, has 
been frequently verified by later workers. Experiments have shown 
that under some conditions the presence of earthworms in the soil 
has a beneficial effect on yields of cultivated crops. E. J. Russell 
(J. Agrie. Sci., 1910, 3, 246-67) and L. Dreidax (Arch. Pjlamenbau, 
1931, 7, 413-67) obtained evidence that the effect of earthworms 
on crop yields was produced mainly by the decomposition of their 
dead bodies. The soils they used were reasonably fertile. H. Hopp 
and C. S. Slater (Soil Sci., 1948, 66, 421-8), however, using very 
unproductive subsoil, obtained large increases in yield of grass and 
clover with soil inoculated with live earthworms as compared with 
sou to which the same weight of dead earthworm^ had been added. 
Where living earthworms were not introduced the growth of clover, 
grass and weeds was poor and even where manure, lime or fertiliser 
was added or the soU cultivated, the unfavourable conditions were 
not eliminated. Where living earthworms were introduced and 
favourable cover conditions maintained for the over-winter develop¬ 
ment of earthworms, the vegetation—particularly the clover—grew 
luxuriantly. Ants produced the same benefits as earthworms. It 
is pointed out that clover is intolerant of a poor soil structure 
whereas grass and weeds are not. In a later paper (J. Agric. Res.. 
1949, 78, 325-41) similar experiments are reported using various 
field crops grown in soils with both good and poor structure. In 
every case dead earthworms added shortly before sowing the crops 
gave considerable increases in yield, and live earthworms gave still 
higher yields, the additional increases being large with poor-struc¬ 
tured soils and small with good-structured soils. Even when the 
soils were liberally fertilised, dead earthworms had a marked effect 
on yield, and the authors conclude that substances of unknown 
nature are released from the worms’ bodies that produce beneficial 
effects not obtained from commercial fertilisers or the fresh cow 
dung that was used. 

Evidence was obtained that the release of beneficial substances 
occurs chiefly during the summer when earthworms normally x>A 8S 
through their reproductive period. On the other hand, the effect 
of living worms on soil structure was greatest during the winter and 
early spring, and it is suggested that in order to obtain these benefits 
for agricultiure it is necessary to ensure that the worm population 
is maintained over the winter. By protecting clean-cultivated land 
with a hay mulch during the winter the earthworm population was 
increased and the soil structiire was improved (J. Agrie. Rea., 1949, 
78, 347-62). 

E. Frei (Landw. Jahrb. Schweiz, 1948, 62 , 20-36) found that 
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inoculation of loose or weakly cohesive soils with earthworms pro¬ 
duced a cohesive sponge-like structure in quite a short time. O. Z, 
Gurianova {Pochvovedenie, 1940, No. 4, 99-107) found that earth¬ 
worms had a greater effect in increasing the aggregation of good- 
structured soil that had been under lucerne for some time than of 
pulverised soils that had been growing wheat continuously. R. 0. 
Dawson {Soil Set. Soc. Amer. Proc., 1948, 12, 512-6) showed that 
the stability of the aggregation of earthworm casts was increased 
when plant material was added to the soil. TThe easts were very 
water-stable, but there was no direct relationship between the 
number of micro-organisms and the formation of water-stable 
aggregates. 

From a study of the greater stability of structure of earthworm 
casts from a grassland os compared with those from an adjacent 
cultivated soil, R. J. Swaby {J. Soil Sci,, 1950,1, 195-7) concluded 
that binding substances were derived from grass roots during their 
passage through the worms. Grassland casts contained exceptionally 
high numbers of bacteria which might have produced the gums 
glueing the soil particles together. Evidence was obtained that 
earthworms only improve the structure of soils well supplied with 
nutritive organic matter which allows the number of intestinal 
bacteria to multiply and protluce structure-forming glues. 

Although earthworms constitute the most important single group 
of animal soil-formers, the combined effects of the rest of the soil 
fauna are probably as great as, or greater than, those of earthworms. 
W. Kiihnelt {BodenkuUur, 1950,2, 49-53) points out that the process 
of plant-residue decomposition consists largely of the residues being 
eaten by various members of the soil fauna. The pioneers of the 
process include slugs, wood lice, many kinds of midge, millipedes 
and caterpillars which in turn are consumed by spiders, beetles, other 
millipedes and ants. The end products of this animal metabolism 
are carbon dioxide, water and certain nitrogenous compounds, 
mainly of the purin and urea groups, which are largely retained in 
the bodies of the soil fauna and only become available to nitrifying 
and other bacteria on the death of the animals. It is in the passage 
of plant residues through the bodies of animals that the materiel 
are oonuninuted and certain substances, especially nitrogen com¬ 
pounds and cellulose, made available to micro-organisms. The mmn 
process of humus formation is effected in the passage of plant 
material through the digestive tract of soil animals. Material may 
pass through several animal bodies before it is finally excreted as 
stable humus. 

L. Meyer {Bodenk. PflEmOhr., 1943, 29 , 119-39) found that, after 
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composting straw for two years, about 76 per cent, of the remaining 
materia] consisted of the excrement of worms and insects that, as 
a black crumby material, was quite distinct from the brown straw 
fragments that had undergone little decomposition. The excrement 
was in a much more advanced state of humification than were the 
straw fragments. The carbon-nitrogen ratio in the excrement was 
10, and in the rotted straw 18^_ while the ash content of the excre¬ 
ment was 66 per cent, and of the rotted straw 6-8 per cent. W. 
Kubiena (Z. Weltforach., 1943, 10, 387-410) showed by direct micro¬ 
scopic observation that most of the humus in many soils consists 
of excrement, and W. Wittich (Forstarchiu, 1943,19,1-18) concluded 
that decomposition of forest litter was effected mainly by the soil 
fauna. C. H. Bornebusch (Trans. 4th IrUemat. Cong. Soil Sci., 1960, 
1, 173-84) found that earthworms were the main agents decom- 
posmg organic matter in mull (deciduous-forest) soils, and arthropods 
in mor (coniferous-forest) soils. 

H. Franz (VerUffent. Bundesanst. Alp. Landw. Admont, 1950, 2, 
1-114) found that the humic matter produced in manure heaps was 
composed predominantly of faunal excrement, the role of bacteria 
and fungi in humification being mainly to make the organic matter 
of the manure available for the nutriment of the lesser fauna. As 
humification progressed the faunal population of the manure heap 
approached more and more closely to that of ordinary soils. Judged 
by the acetyl-bromide test, humic substances were synthesised during 
the passage of organic matter through the digestive tracts of the 
small fauna. 

H. Franz (ForschDienst., 1941, 11, 356-68) has investigated the 
faunal population of cultivated and uncultivated soils. In the latter 
the greater part of the insect population inhabited the top 3 cm. 
Nematodes were plentiful down to 20 cm., and faunal life virtually 
ceased below 26 cm. Populations of similar magnitude, but; spread 
over greater depths, were found in cultivated soil. Franz (Forach- 
Dienst., 1942, 13, 320-33) estimated that there wore 760,000 insects, 
worms, etc. and 20 million nematodes in a square metre (top 10 cm.] 
of grassland soil. The nematodes are believed to play an important 
role in the decomposition of cellulosic residues in the soil (H. Franz, 
Bodsnh. PJlEmdhr., 1943, 32, 336-61). 

M. S. Giliarov (C. B. Acad. Set., U.B.S.S., 1944, 43, 267-9] 
estimated the numbers of insects in the arable layer of cultivated 
soils to range from 12 to 2000 million. He showed (Pochvovedenie. 
1949, 574-83) that each of the main soil types of the Crimea has s 
characteristic fauna. A correlation was found between the amount 
of humus, the abundance of roots and the number of invertebratec 
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in each soil horizon. Solonchaks are characterised by the absence 
of a soil fauna except for certain insects found on non-saline hillocks 
and closely associated with the vegetation. Solonetses have an 
insect fauna, with an ephemeral larval stage, developing in the 
surface, humus-containing horizon. Chestnut soils also have a 
mainly insect fauna, including pHytophages with a long develop¬ 
mental cycle, and facultative saprophages with a short developmental 
cycle. Chernozems and brown earths show the greatest develop¬ 
ment of a saprophagous invertebrate fauna which goes into the 
subsoil in the dry season. The most important representative is the 
earthworm wliich is responsible for the even distribution of humus 
in the chernozem profile, and is much more abundant in the 
chernozem than in the other soil types. 

Studies of insect activity in the tropics have been confined largely 
to the termite. J. G. Shrikhande and A. K. Pathak (Cvrr, <SVt., 

1948,17, 327-8) state that termites, ants and earthworms aU increase 
the of the soil. G. Milne {J, EcoL^ 1047, 35, 192-265) reported 
the presence of lime nodules in termite mounds in East Afi-ica, and 

R. L. Pendleton (Thai Sci, Bull,, 1041, 3, No. 2, 29-53) described 
the accumulation of calcium carbonate at the base of termite 
mounds, although they were not near any calcareous deposits and 
the neighbouring soils were acid. Termites, however, do not appear 
to increase the availability of plant nutrients (Shrikhande and 
Pathak, toe. cit,). G. ap Griffith (E. Afric, Agric. J,, 1938, 4, 70-1) 
obtained inconsistent results in comparing the chemical composition 
of termite mounds and adjacent soils, and A. W. R. Joachim and 

S. Kandiah (Trop, AgricuUvristy 1940, 95, 333-0) found appreciably 
less organic matter, nitrogen and exchangeable bases in termite 
mounds. It cannot be said, with the same certainty as with earth¬ 
worms, that termites, although active soil-formers, have an entirely 
beneficial effect on the agricultural properties of a soil. 

PLAm* PHYSIOLOGY. By Professou Walter Stiles, Rc.D., F.R.S. 

Tho University, Birmingham. 

Photosynthesis. —^An outstanding publication on photosynthesis 
has been issued by the American l^ciety of Plant Ph 3 r 8 iologists. 
This is a monograph entitled Photosynthesis in Plants (The Iowa 
State College Press, Ames, Iowa, 1949), which is edited by J. Franck 
and W. E. Loomis and which comprises 22 articles written by 
authorities on the various aspects dealt with in the different articles. 
After a general introduction by Ix)oniis, photosynthesis under field 
conditions is dealt with by M. D. Thomas and G. R. Hill. Here the 
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reader will find much useful information relating to appeuratus for 
measuring the absorption of carbon dioxide by plants growing in the 
open, as well as actual data of photosynthesis by crop plants. The 
conclusion is drawn that under field conditions the coarse of photo¬ 
synthesis is determined mainly by light intensity. Temperature 
appears to have practically no effect. Thus temperatmre coefficients 
(Qio) for lucerne between 15° and 32° were found to have values of 
0-89 to 1-10. It should be noted that these were obtained in experi¬ 
ments in which normal air was employed. It is possiUe that in an 
atmosphere with higher concentrations of carbon dioxide tempera¬ 
ture may have a more pronounced effect. 

A largo amount of work on the products of photosynthesis is 
summarised by J. H. C. Smith, who points out how varied are the 
substances found in photosynthesising organs. He stresses the 
difference between two concepts of photosynthesis, an older one 
according to which water and carbon dioxide combine to-produce 
carbohydrate and oxygen by moans of a photosensitised reaction, 
and the more modem one according to which carbon dioxide is 
taken into organic combination and then, through a series of reactions 
involving the uptake of hydrogen derived from the photochemical 
decomposition of water, a number of products result. 

The structure, composition and development of chloroplasts are 
reviewed by S. Granick and the functions and properties of the 
chlorophist pigments by H. H. Strain. It now appears that the 
chloroplasts of intact cells are saucer-shaped with the concave side 
towards the vacuole of the cell. Examination of chloroplasts with 
the electron microscope indicates that the granules observed in 
chloroplasts first in 1883 by Meyer and called by him " grana ” are 
real morphological units and that a mature spinach chloroplast 
contains about 40 to 60 of them. The grana appear to be held in a 
matrix with a refractive index about the same as that of the grana. 
The grana probably contain the leaf pigments, but the evidence on 
this is not completely definite. A single granum would contain" 
several million chlorophyll molecules. 

Several writers deal with the question of the quantum yield of 
photosynthesis, that is, the number of molecules of carbon dioxide 
utilised per energy quantiun. The value of 0-25 had been proposed 
for this by Warburg and a lower value of about 0*1 by Emerson and 
Lewis. The various writers in the symposium, namely R. Emerson 
and M. S. Nishimura, W. E. Moore and B. M. Duggar, F. F. Biokd 
and W. AAiold, aU favour the lower value. 

Some of the most interesting articles in the symposium deal with 
the use of radioactive tracers in researches on photosynthesis, "nih 
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firet of those articles is by M. D. Kamen. With Ruben and Hassid, 
Kamen was a pioneer in the use of radioactive tracer elements and 
here he evaluates the work done in the years 1939-41 in view of more 
recent work. This early work was carried out with the short-lived 
radioactive ; it was not until 1945 that tho long-lived isotope 
C^* became readily available. Later work has, however, produced 
data which are in agreement with the original view of Ruben and 
Kamen that carbon dioxide is fixed by a dark reaction which involves 
reversible carboxylation and that this is followed by reduction by 
means of hydrogen donors produced by photochemical reactions. 

A. A. Benson, M. Calvin and a number of collaborators write 
on C'^ in photosynthesis. When carbon dioxide containing this 
isotope is fed to CMorella they find quantities of carboxylic acids 
and amino-acids are produced in the dark. The proportion of the 
total amount of carbon fixed which appears as carboxylic acids 
decreases with increase in tho length of a pre-illumination period, 
while the proportion which appears as amino-acids increases ; thus 
during a dark period of 6 minutes without pre-iUmnination tho 
proportion of carboxylic acids was found to bo 62 per cent., with a 
pre-illumination period of 5 minutes it was 21 per cent, and with a 
pre-iUumination period of 120 minutes it was only 11 per cent. Tho 
corresponding values of amino-acids were respectively 31, 41 and 74 
per cent. Benson and his colleagues fi’om their experimental findings 
suggest a scheme of tho path of carbon in photosynthesis involving 
a cycle of organic acid transformations, with tho production of 
hexoso via the phosphorylation of pyruvic acid. The net result of 
the suggested cycle of acid transformations is, however, the reduction 
of two molecules of carbon dioxide to one of acetic acid, the reduction 
being affected through reducing systems resulting from photochemical 
action. It should here be mentioned that Calvin has recently 
announced that phosphoglyoerio acid is the first recognisable product 
of synthesis which contains carbon. 

A. H. Brown, B. W. Pager and H. Gaffron also write on the 
results of experiments with radioactive carbon. They show that, 
when photosynthesising cells of Seenedeamus are exposed for periods 
not exceeding 40 second to C^*Oj|, most of the tracer is found in a 
water-soluble fraction, and that the material in which the tracer is 
fixed is not affected by respiration or fermentation. It is, however, 
transformed on exposure to light, and it would appear to contain a 
photosensitive intermediate between the primary dark fixation 
product and the final product of photosynthesis. The fixed tracer 
appearsJto be contained in two substances, one containing over 
76 per cent, of the tracer. This supposed intermediate is not a 
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carbohydrate, an amino-aoid, a keto-aoid, an acid of the metabolic 
cycle, an aldehyde, keW phenol, alcohol or polyhydroxy acid, 
nor a phosphate ester of any such substance. The remaining 
portion of the fixed carbon also does not appear to be hold in any of 
these classes of substances. The supposed intermediate thus appears 
to be different from the carboxylic acid found as a result of carbon 
fixation in the dark, and it is suggested by Brown, Fager and Gaffron 
that the latter may have nothing to do with photosynthesis. 

Among other articles in the symposium are one on diffusion 
through multiperforate septa by J. Verduin, the photochemistry 
of chlorophyll by R. Livingston, other chlorophyll studies by 
P. Rothemund, processes accompanying chlorophyll formation by 
J. H. C. Smith, chlorophyll fluorescence as an energy flowmeter for 
photosynthesis by E. Katz, the relation of fluorescence of chlorophyll 
to photosynthesis by J. Franck, the pattern of photosynthesis in 
ChloreUa by J. Myers and the comparative biochemistry of photo¬ 
synthesis by C. B. van Neil. 

D. I. Amon and F. R. Whateley (" Is chloride a co-enzyme of 
photosynthesis ? ” Science, 110, 664-6, 1949) have examined the 
theory piit forward earlier by Warburg and Lbttgons that the 
chloride ion is a co-enzyme essential for photochemical reactions 
in photosynthesis. This theory is based on the discovery that 
the capacity for oxygen evolution by isolated chloroplasts of sugar 
beet and spinach is lost if these are washed several times in 
water, but that the capacity is completely regained by the addition 
of cytoplasmic fluid, which is found to contain OfOSN chloride. 
Moreover, addition of chloride alone as M/160 potassium chloride 
brings about complete recovery of the power of oxygen evolution. 
Of a number of other amons used only bromide produces anything 
approaching the same effect, while all cations tried have no effect. 

Now if the theory of Warburg and Lhttgens is correct it 
means that chlorine is an essential element for photosynthWs and 
hence for plant nutrition, a view not generally held. ('Arnon and 
Whateley have therefore repeated the experiments of Wailburg and 
Lilttgens by growing plants of sugar beet and chard in nutrient 
solutions free from chloride. The plants grow well but evolution of 
oxygen by the isolated chloroplasts, which contain no chloride, 
is feeble, nor is oxygen evolution increased by the addition of 
cytoplasmic fluid, which also contains no chloride. Addition of 
chloride or bromide, however, results in the evolution of oxygen 
in relation to the quantity of oxidant used. These results are thus 
in line with those of Warburg and Liittgens. 

To explain the fact that chloride or bromide, while unessential 
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for growth, is nevertheless necessary for oxygen evolution from 
isolated chloroplasts, Arnon and Whateley suggest that when the 
cell is broken a cell constituent essential for the photochemical 
evolution of oxygen by chloroplasts can suffer inactivation by light, 
but that it can be protected from such inactivation by chloride or 
bromide. In the intact cell this would be achieved in some other 
way. In support of this view it is found that, when isolated 
chloroplast fragments without iwlded chloride arc illuminated for 
20 minutes before adding the oxidant necessary for the evolution 
of oxygen, very little oxygon is produced even when chloride is 
added with the oxidant. But, if chloride is present during the 
exposure of the chloroplast fragments to light, addition of the 
oxidant brings about a vigorous evolution of oxygen. 

In another contribution dealing with the evolution of oxygen 
by chloroplast fragments Arnon and Whateley (“ Factors influencing 
oxygen production by illuminating chloroplast fragments,” Arch. 
Biochern., 23,141-56,1949)record that with three oxidants employed, 
quinone, potassium ferricyanide and phenol indophenol, the theo¬ 
retical yield of oxygen by the chloroplast fragments on illumination 
can be obtained. They also find that hydroxylamine, sodium 
azide and phenylmethane, which are inhibitors of photosynthesis, 
also inhibit oxygen evolution by chloroplast fragments. This finding 
can be regarded as supporting the view that the oxygen-releasing 
mechanism in isolated chloroplast fragments is identical with that 
in intact photosynthosing cells. 

E. K. Gabriolsen (“ Threshold value of carbon dioxide concentra¬ 
tion in photosynthesis of foliage leaves,’' Nature, 161, 138, 1948) 
finds that when leaves of elder are exposed in a closed chamber con¬ 
taining atmospheric air to an incandescent light of an intensity of 
10,000 lux, carbon dioxide is absorbed until the concentration of the 
gas in the chamber falls to 0*0090 volume per cent., after which no 
more carbon dioxide is absorbed. Moreover, if the concentration 
of the carbon dioxide in the air in the chamber is initially as low as 
0*0024 volume per cent., carbon dioxide is liberated from the leaves 
until its concentration is about 0*0089 volume per cent. From these 
observations Gabrielsen draws the conclusion that for photosynthesis 
there is a threshold value for carbon dioxide concentration which 
for elder leaves is about 0*0090 volume jier cent. 

Gabrielsen has also investigated the effect of chlorophyll con¬ 
centration on photosynthesis (“ Effects of different chlorophyll con¬ 
centrations on photosynthesis in foliage leaves,” Phyaiologia 
Ptantaruniy 1, 5-37, 1948). Leaves of the following species and 
varieties were used: Populus canadensis and its variety aurea ; 
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Vhnua carpinifolia and V. glabra var. luteseens ; Sambucaa nigra 
and its variety aurea, and 8. canadensis var. aurea ; AtripUx hortensis 
and its variety chhrina ; Triticum sativum var. Queen Wilhelraina. 
Thus loaves with very different chlorophyll contents wore employed, 
the chlorophyll content varying from 0-21 mg. per sq. dec. in 
Samhurus canadensis aurea to 8-7 mg. p6r sq. dec. in Populua 
canadensis. The relation between light intensity and rate of 
photosynthesis was determined for the different leaves. Over the 
lower range of chlorophyll concentrations increase in chlorophyll 
content brings about a considerable increase in the rate of photo¬ 
synthesis, but when a chlorophyll content of 2 mg. per sq. dec. is 
reached further increase in chlorophyll content has progressively less 
effect on photosynthesis until, when a content of 4 to 6 mg. per sq. dec. 
is reached, further increase in chlorophyll concentration has practically 
no cfifeot on the rate of photosynthesis. Now recent observations 
on the relation between light absorption and chlorophyll concentra¬ 
tion show that this is very similar to that between rate of photo¬ 
synthesis and chlorophyll concentration, and it would indeed appear 
that the curve relating maximum energy yield, as measured by 
photosynthotio activity, to chlorophyll concentration is a biological 
expression of the influence of chlorophyll concentration on light 
absorption. The energy yield in green leaves varies apart from their 
chlorophyll content, being highest in thick sun leaves and lowest 
in thin shade leaves ; this is related to the greater power of absorp¬ 
tion by the thick sun leaves. From an ecological point of view 
Gabrielscn concludes that chlorophyll content does not have much 
effect on photosynthesis by foliage leaves. Only in young leaves 
and in leaves of yellow varieties is the chlorophyll content a factor 
significantly influencing the rate of photosynthesis, and then only 
in low light intensities. 

The effect of light intensity on photosynthesis of plants growing 
under natural conditions has been reported on by G. E. Blackman 
and A. J. Butter Ph3n3iological and eoologioal studies in the 
analysis of plant environment, III. The interaction between light 
intensity and mineral nutrient supply in leaf development and m 
the net assimilation rate of the bluebell (Sdlla non-scripta)," Ann. 
Bot., N.S., 11, 1-26, 1948). They find that over the range full 
daylight to 0-11 full daylight the net assimilation rate 6f the bluebell 
is directly proportional to the logarithm of the light intensity. 
The same relationship is found to hold also for the sunflower. 
It is therefore supposed that even in full daylight net assimilation 
rate is controlled by the duration and intensity of daylight. 
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ENTOMOLOGY. By A. D. Lkiss, M.A., Ph.D., Agnculturttl Rosoarch 

Counoil, Unit of Insect Physiology, Cambridge. 

Thk Physiology os Diajpaitsb. —^The nature of a process which 
operates in the growing organism by “ dissociating the morpho¬ 
genetic mechanism from the mechanism of maintenance ” (Carroll 
Williams) is undoubtedly of fundamental biological interest. But 
the condition of arrested development, known in insects as a state 
of diapause, is also interesting for other reasons. Few would deny 
the adaptive value of diapause in enabling the insect to survive 
unfavourable cold or dry conditions and times of food scarcity. 
From this point of view the condition is an essential device for 
adjusting the life cycle to the environment. 

The capacity to enter diapause is, of course, inherited. But in 
many insects diapause is facultative and is not evoked unless the 
appropriate external conditions are encountered. Once initiated, 
dormancy as a rule persists long after the factors which led to its 
inception have ceased to operate. And it is finally eliminated by the 
action of other agencies, often of a quite different nature. This 
type of control would bo expected to give considerable fiexibihty in 
the lifp cycle. For example, the number of annual generations in a 
rapidly reproducing species may be considerably increased if climatic 
or weather conditions are particularly favourable. 

In contrast, it may be biologically ^vantageous for some species, 
such as those requiring a long growth period, to have the onset of 
diapause fixed in each generation. Diapause is then obligate and 
occurs regardless of the external conditions. (Or it may be that 
diapause is induced by such a wide range of conditions that it is 
difiScult to recognise the “ factors ” as separate entities.) Insects 
in this category usually pass through only one generation annually 
and their life cycle is adjusted to the seasons by the timing of the 
release from diapause, which in most instances remains under the 
influence of climatic agencies. 

Recent work on the relative dependence of diapause on external 
conditions may now be considered. In all cases the occurrence of 
a true diapause, whether facultative or obligate, implies that the 
insect possesses the appropriate mechanism, hormonal or otherwise, 
for interrupting the normal processes of growth. The substantial 
advances in our knowledge of these mechanisms will be outlined 
subsequently. 

Temperature has been shown to be an important stimulus in 
controlling both the onset and the elimination of diapause in 
Ewffdema omatum (C. Bonnemaison, C.B. Acad. 8ci., 1948, 227, 
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985, 1062). This Pentatomid bug enters diapause in midsummer as 
the adult and overwinters without feeding or ovipositing until the 
following spring. Diapause can be elicited experimentally if the 
third-stage nymph is subjected to a fall in temperature. Females in 
a state of diapause can be induced to feed and lay eggs by exposing 
them to alternating medium and low temperatures. 

Although it is very well known that UgM (day length) plays an 
important role in controlling the reproductive cycle in many mammals 
and birds, surprisingly little attention has been given to the possible 
relations of light and diapause in insects. This subject has recently 
acquired a new perspective with the publication of R. C. Dickson’s 
work on the oriental fruit moth OraphoKtha molesta (Ann. ent. Soc. 
Arner., 1949, 42, dll). This insect feeds on the leaves and twigs of 
rosaceous plants, particularly peach. There are from two to seven 
annual generations in the United States, the number depending on 
the geographical situation. As the fully grown larva enters diapause 
in late summer considerably before the weather becomes cold, there 
is little indication from the behaviour in the field that low tempera¬ 
tures are a predisposing factor. 

The induction of diapause is primarily a response to the photo¬ 
period. When reared under controlled conditions, a daily pho*o- 
period of 14 hours or longer produced exceedingly few diapausing 
larvae, while with 13 or 12 hours of light almost every larva entered 
diapause. With shorter photoperiods, and in complete darkness, 
non-diapausmg larvae again appeared in numbers. Temperature 
also has a considerable influence. The above relationship is domin¬ 
ant only at medium (21-26° C.) temperatures. With either higher 
(30° C.) or lower (12° C.) temperatures the efiFeot of a 12-hour photo¬ 
period is much smaUor. 

Waveleuf^bs in the blue-green region of the spectrum were the 
most effective in inducing diapause : u ltra-violet and infra -red 
radiati on was witho ut effect. TheTEreshold intensity of illumina¬ 
tion required to induce diapause—about 3 foot-candles—^is at first 
sight surprisingly low, for in these experiments the larvse were 
feeding inside immature apples. However, Dickson points out that 
the latter are appreciably translucent. Indeed, although direct 
evidence cannot be provided here, it is probable that the insect is 
influenced by the photoperiod directly and not indirectly throu^ 
the plant. 

Extensive observations on the induction of diapause when thC 
total light-dark cycle is longer or shorter than 24 hours showed that 
the mode of action of light musjb be complex. The absolute duration 
of both the light and Hie dark periods are significant and must £»£ 
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within narrow limits. No insects entered diapause when the total 
cycle was shorter than 20 or longer than 26 hours. 

The diapause behaviour of the codling moth Cydia pomonella 
proved to ^ very similar to that of its close relative the oriental 
fruit moth. But among the other insects tested by Dickson, Lucilia 
sericata and the vegetable weevil Liatroderes obliquita were indifferent 
to light. 

A photoperiodio response of a comparable nature has recently 
been demonstrated in the tomato moth Diataraxia ohracea by M. J. 
Way, B. Hopkins and P. M. Smith (Nature, Loud., 1949,164, 615). 
In normal daylight the pupas tend to enter diapause in spring and 
autumn but not in midsummer. Experiment showed that diapause 
seldom supervened when the photoperiod was 16 hours or longer. 
With shorter daylengths, and indeed in this case in total darkness, 
nearly all the insects entered diapause. Using a long photoperiod, 
continuously breeding populations could be maintained indefinitely 
in the laboratory. 

The incidence of diapause in the cabbage butterfly Pieria braaaicae 
and the cabbage moth Mameatra bra^asicae ooxxlA also be much reduced 
by growing the larvae under long day conditions. But in the latter 
insect diapause is evidently in some degree obligate, since it invari¬ 
ably supervened after three generations, irrespective of the external 
conditions. 

The onset of diapause in another phytophagous insect, the brown- 
tail moth EuprocUs phaeorrhasa, is governed by the nutrition. ^ The 
eggs hatch outside in July, the young larvae spinning a communal 
web in which they feed during the summer months. They enter 
diapause in September as second or third instar larvae. P. Orison 
(O.R. Acad. Sci., 1947, 225, 1089) has reported that larvae fed in 
late summer on the youngest apple foliage available outside at this 
time of year develop without diapause. But diapause occurred in 
the normal manner if the food consisted of the oldest leaves. This 
relationship was maintained even when the larvas were reared under 
conditions which, in winter, were effective in eliminating diapause, 
namely a high temperature (26*’ C.) and a saturated atmosphere. 

A further example of facultative diapause is afforded by the pink 
bollworm of cotton (Pectinophora goaaypieUa). Here the moisture 
content of the boll is generally agreed to be the principal determining 
agency. P. A. Squire (Butt. ent. Jtes., 1940,30,475) concluded that 
the proportion of fully grown larvss entering diapause was a simple 
function of the age of the boll, which loses water and gains in oU 
as it ripens. L. 0. Fife (U.3. Dept. Ayric. Tech. Bull., No. 977, 1949) 
decided that any factor limiting the moisture content of the boll, 
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such as low humidity and rainfall, high temperatures, etc., tends to 
induce diapause. The dormant state is broken by contact with 
moisture or even exposure to a high humidity. 

Maternal influences may sometimes control the induction of 
diapause more completely than the immediate external stimuli. 
Some examples have been described by F. J. Simmonds (Phil. Trans. 
B., 1948, 233, 386). The Pteromalid Spdlangia drosophilse, which 
can be reared as an ectoparasite on Drosopbila puparia, enters 
diapause facultatively as the fully grown larva. Dormant larvee 
are encountered throughout the season in the field, so that the 
occurrence of diapause is not easily correlated with the prevailing 
meteorological conditions. The behaviour in this instance was found 
to be determined largely by the age of the mother, the incidence of 
diapause among the offspring tending to rise with age. Other 
factors, notably temperature, exerted some effect both through the 
mother and, more immediately, on the growing larvso themselves. 
Simmonds believes, however, that the primary agency in evoking 
diapause is the level of metabolic activity in the egg-la 3 ring insect. 

In the Colorado beetle Leptinotarsa decemUneata diapause of an 
apparently obligate type is encountered. Although the tendency 
of the beetles to enter the soil during the summer or autumn has 
sometimes been hold to be due to immediate dry or cold conditions, 
P. Grison (G.R. Acad. Sci., 1944, 218, 342) considers that a true 
diapause is involved. Three successive generations of these insects 
could be reared in the laboratory, but an increasing proportion 
entered diapause and the whole of the small third generation did so. 
An unusual feature in this insect is that the termination of the state 
of diapause does not appear to be hastened by low temperatures. 

In some insects with an obligate diapause there are both uni- 
and multivoltine strains. Individuals belonging to the fiirst enter 
diapause at every generation, those of the second only t^r two 
or more generations. The strains of the European comborer 
Pyrausta nubilalis in North America and Canada afford an interesting 
example. In New England the insect is represented by a multiple 
generation strain, while in Ohio and the Lake States both multi- 
and univoltine strains occur side by side and interbreed. This 
behaviour is determined genetically. K. D. Arbuthnot (U.8. Dept. 
Agric. Tech. Bull., No. 869, 1944) has shown that the New England 
strain is homozygous for multiple generations. He was also able 
to select from the mixed Ohio population a strain homozygous for 
tinivoltinism; but it proved more difficult to isolate a line homozy¬ 
gous fur multivoltinism, some diapausing individuals occurring at 
every generation in all the selected lines. 
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There are other physiological differences between the cornborer 
strains. The univoltine strain develops more slowly and the flight 
period is later in the season. Adults show some disinclination to 
mate with individuals of the opposing strain. The food preferences 
are also markedly different. The multivoltine New England strain 
attacks over 200 plant species, while the univoltme strain is usually 
confined to one host plant, maize. 

The seasonal history of the cornborer in Ohio has been described 
by C. R. Neiswander (j. econ. Ent., 1947,40, 407). During the first 
few years after its introduction only one annual generation was 
seen; a partial second generation appeared in 1937 and by 1945 
the multivoltine behaviour was fully established. There were 
corresponding changes in the flight period, etc. 6. Wishart (Canad. 
Eni., 1947, 79, 81) has also examined the changes in the cornborer 
population of western Ontario, where a similar trend has been 
observed. As the bivoltino strain becomes less abundant to the 
north and west, it is possible that its spread is checked by adverse 
meteorological conditions. An interesting fact which suggests* an 
independent origin for the multivoltine New England and Ontario 
strains is that the latter is almost entirely monophaguus. 

Mechanisms of Diapause. —^In the search for the causal mechan¬ 
isms of diapause the egg clearly presents the greatest technical 
difficulties. Studies by Bodine on the grasshopper Melanoplus 
differentialis led him to postulate the existence of an inhibitory factor 
wMch was present in the egg when laid and which increased in 
concentration until development was arrested. Exposure to cold 
was then thought to destroy the diapause factor rapidly, whereas 
uniformly high temperatures resulted in its slow decay and the 
ultimate release from diapause. 

An extensive analysis of the role of temperature in eliminating^ 
diapause in the eggs of the grasshopper AvMroicetes cruciata led 
H. G. Andrewartha {BuU. ent. Res., 1943, 34, 1) to offer an entirely 
different explanation. Exposure to cold was needed to bring 
diapause to a close but this W€» ineffective, and indeed resulted in 
the appearance of abnormal embryos, unless a particular stage of 
embryonic growth had been reached. The appearance of the 
embryos suggested that the action of low temperatures was to modify 
the yolk, which subsequently became more suitable for nourishing 
the embryo and less liable to obstruct the movements of the embryo 
in blastokinesis. 

E. H. Slifer (/. exp. Zool., 1946, 102, 333), also working with 
Melanopius, has since shown that di^ipause is readily broken when 
the egg is immersed for 30 minutes in xylol or similar solvents. 
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As in other grasshopper eggs, the water exchanges take place only 
through the hydropyle ; and the resumption of embryonic growth 
after diapause is invariably accompanied by a considerable water 
uptake. Solvents remove a layer of wax, possibly secreted by the 
hydropyle cells prior to diapause, and thus permit water to enter. 
(The properties of the isolated wax are described in Slifer, XHscuationa 
of the Faraday 8oc., 1948, No. 3, 183.) This evidence suggests that 
the state of diapause in this egg is associated with lack of water 
rather than with the presence of any specific inhibitory factor. 
Meanwhile, the mode of action of temperature in relation to this 
scheme remains to be resolved. 

The mechanism of diapause has also been discussed by B. W. 
Salt {Canad. J. Res. D., 1947, 25, 66) in a paper on the wheat stem 
sawfly Cephus cinctus. Although the diapause of the fully grown 
larva can be brought to an end by cold, the condition may be reinstated 
if the insect is desiccated or exposed to high temperatures. This 
may actually occur in nature and result in a two-year life cycle. 
Salt points out that these results can be explained by assuming the 
presence of two factors of an inhibitory nature, their ehmination 
being dependent on chemical reactions with different temperature 
coefficients. 

Our present knowledge of the endocrinology of diapause is due 
almost exclusively to the researches of C. M. Wilfiams on the giant 
silkworm Platysamia cytUhia. This insect enters diapause imme¬ 
diately after pupation, the condition being maintained for at least 
6 months at room temperatures. Diapause is broken by exposure 
to a low (3-5° C.) temperature for about 6 weeks. 

The dormancy of the pupa in diapause could be overcome by 
joining it surgically with a previously chilled, and therefore activated, 
pupa. Therefore, in this insect at least, diapause is shown to result 
from the lack of some essential factor and not firom the .presence of 
inhibitors. 

The hormone responsible was found to emanate from the brain 
itself {Biol. BvU., 1946,90,234). Thus pupss with the brain removed 
remained alive but in diapause for as long as two years. The brains 
from chilled pupse also provoked imaginal development when im¬ 
planted into normal pupse in diapause. Cold seems to render the 
brain competent to release its factor after the insect is returned to 
the higher temperature. 

The activity of the brain proved to be confined to two groups 
of large neurosecretory cells lying in the cerebral lobe (Williams, 
Growth Symposium, 1948a, 12, 61). Both are necessary for the 
correct functioning of the brain; neither is effective if implanted 
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separately or even if out apart. These cells may well be homologous 
with the similar cells that are known to control moulting in Rhodniua 
and also pupation in many Lepidoptera. Williams observes that 
the latter are all species without a diapause; in these the brain 
may perhaps act precociously, initiating both pupation and imaginal 
development simultaneously. Whereas in Phtyaamia the dual 
fimotions seem to be separated in time. 

The brain factor does not stimulate the tissues directly. When 
brainless diapausing pupse were divided transversely and chilled 
brains implanted in the respective halves, the anterior fragment 
developed while the isolated abdomen remained in diapause {Biol. 
Bull., 1947, 93, 89). Transactions at different levels showed that 
this differentiation centre lay within the thorax. The only organs 
capable of initiating the development of an isolated abdomen (when 
implanted with a chilled brain) proved to be the prothoracic glands. 
Further experiments designed to study their interaction showed that 
the brain exerted a trigger-like action upon the prothoracic glands ; 
once stimulated the latter could activate the tissues directly, without 
the further intervention of the brain. 

The anatomy of the prothoracic glands in Platysamia has boon 
described in a separate paper {Biol. BuU., 19486, 95, 60) which also 
contains a discussion on the significance of a thoracic differentiation 
centre in controlling post-embryonic development in other insects. 

The prothoracic glands were well described and figured by Lyonet 
in 1762 but wore lost sight of for many years subsequently (Williams, 
BM. Bull., 1949, 97, 111). Their significance as endocrine organs 
was discovered in 1941 by S. Fukuda who showed in Bombyx mori 
(which lacks the pupal diapause) that the glands, when implanted 
into the ligatured pupal abdomen, had the power of provoking further 
development. The morphology of the prothoracic glands in the 
Imrvss of a number of Lepidoptera has recently been studied by H. T. 
Lee {Ann. ent, 8oc. Amer., 1948,41, 200). In all cases they take the 
form of irregular bands of glandular tissue lying near the prothoracic 
spiracle. 

The nature of the brain factor is not known. It caimot be 
demonstrated by injecting the blood from chilled pupee; it is 
possible indeed that this factor travels in the tissues. On the other 
hand, the prothoracic gland hormone can be detected in the blood 
by a method devised by E. L. Schmidt and 0. M. Williams {Anat. 
Bee., 1949, 105, 487). These authors found that spermatocytee 
from the testes of dormant pupse rapidly developed into spermatids 
when cultured in hanging drop preparations of the insect’s own 
.Mood. And the blood was invariably active in this respect daring 
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periods of known prothoraoio gland activity. By the evidence of 
this test, the hormone is present at pupation, disappears entirely 
during diapause, but reappears as imaginal differentiation begins. 

The cyanide insensitivity of pupae in diapause and their increasing 
sensitivity as growth and ^fferentiation begins, has sugge^d that 
the cytochrome system was involved (Williams, 1948a, toe. cit.). 
The results of blood analyses showed that cytochrome oxidase 
increases greatly in concentration during brain activity, but dimin¬ 
ishes after the prothoracic glands have been stimulated (when the 
brain becomes inactive). The titre of cytochrome C, which is 
negligible during diapause, rises steadily ais the prothoracic gland 
activity develops. Evidently the cytochrome system is broken 
down during diapause and is subsequently resynthesised. While 
not excludmg the possibility that this may be secondary, Williams 
considers that the absence of the cytochrome system may be the 
“ biochemical defect ” which is diapause. 

Some preliminary results of an enquiry into the hormonal control 
of diapause in the cricket Oryllus campestria have been given by 
B. Sellier {CM. Acad. Set., 1949, 228, 2055). This species peuises 
through ten nymphal instars, but the ninth is exceptionally prolonged 
and the insect itself shows a very decided inactivity. This conditionr 
which in these respects resembles a state of diapause, could bo 
ehminated by implanting the brain from donors that were either 
younger or older than the diapausing hosts. There is also an associa¬ 
tion between the duration of the ninth instar and wing production, 
for maoropterous individuals appeared when diapause was out short 
in this manner. 
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Pollen in Relation to Beekeeping in New Zealand*** (F. N. H.) 

A study of the different kinds of pollen found in honey and in 
bee loads (the pollen baskets of hive bees) has been carried out in 
the Pongakawa district of New Zealand. The local bee pasturage 
consisted of a mixture of indigenous plants, especially of ‘‘ manuka ** 
{Leptoapermum scoparium) and “ rewarewa ” (Knightia excelsa) and 
of introduced plants, such as clovers, weeds and cultivated plants. 
Some 200 species (listed) were known or observed to be visited by 
honey bees in the area. An interesting fact brought to light, was 
that some of the pollens commonly fomid in bee loads, such €is that 
of the tree lupin ’’ {Lupinua arboTeua)^ were not found at aU in the 
honey, which suggests that such plants may be worked by bees 
entirely for pollen and not for nectar. It is to be hoped it will be 
possible to continue or extend this sort of work in New Zealand. 

Miacellanea 

The honours list published on the occasion of H.M. the King’s 
birthday included the following scientists and others associated 
with scientific work : Baron: E. W. Hives, managing director 

of Rolls Royce, Ltd, K,C.B. : Sir Bon Lockspeiser, secretary to 
the Committee of the Privy Council for Scientific and Industrial 
Research. K.B,E,: Prof. D. B, Copland, vice-chancellor of the 
Australian National University, Canberra; Prof. N. Hamilton 
Fairley, for services to tropical medicine. Knights: Dr. A. N. 
Drury, director of the Lister Institute of Preventive Medicine ; Prof. 
G. Jefferson, professor of neuro-surgery. University of Manchester ; 
Mr. N. B. Klnnear, formerly director of the British Museum (Natural 
History); Dr. J. I. Orme Masson, vice-chancellor of the University 
of Sheffield ; Dr. J. E. Myers, principal of the Manchester College of* 
Technology ; Prof. J. C. Spence, professor of child health, University 

♦ “ Pollen in Honey and Bee Loads/’ by W. P. Harris and D, W. Filmer, 
NkZ. Jour, Sei. Tech,, A. Agrio. Kesdlloh Section, 30, No. 3, 178-87, Got. 
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of Durham. C.B. : Mr. E. H. E. Havelock, secretary of the Develop¬ 
ment Commission, and recently administrative secretary of the 
Agricultural Research Council; Mr. C. K. Johnstone-Burt, principal 
deputy civil engineer-in-chief, Admiralty. CM.Q. : Dr. J. Car¬ 
michael, member of the Colonial Advisory Council on Agriculture, 
Animal Health and Forestry; Mr. B. J. Hartley, director of agri¬ 
culture, Aden. C.B.E. : Dr. A. J. Amor, principal medical officer. 
Imperial Chemical Industries, Ltd.; Mr. R. F. Fowler, for services 
as a chief statistician. Cabinet Office; Mr. E. Green, general secretary 
Workers’ Educational Association; Mr. G. H. Grigg, for services to 
agriculture (New Zealand); Dr. J. Jackson, H.M. Astronomer, 
Cape of Good Hope ; Prof. T. J. Jenkin, director of the Welsh Plant 
Brcedmg Station, Aberystwyth; Major-General S. W. Joslin, 
late of the Corps of Royal Electrical and Mechanical Engin¬ 
eers ; Dr. Harold King, formerly head of the Chemistry Division, 
National Institute for Medical Research; Mr. W. B. Mercer, pro¬ 
vincial director, National Agricultural Advisory Service; Dr. 
J. R. K. Paterson, director of the Holt Radium Institute, Man¬ 
chester ; Capt C. R. S. Pitman, formerly game warden, Uganda; 
Capt. J. L. ftitchard, secretary of the Royal Aeronautical Society; 
Mr. A. G. Ramsey, chief mechanical and electrical engineer. Ministry 
of Works ; Mr. T. Rowntree, director of aeronautical inspection. 
Ministry of Supply ; Mr. C. A. Spencer, deputy chief scientific officer. 
Department of Scientific and Industrial Research; Prof. 0. G. 
Sutton, professor of mathematical physics. Military College of 
Science ; Prof. H. H. Swinnerton, emeritus professor of geology in 
the University of Nottingham, and chairman of the University of 
Nottingham Joint Recruiting Board ; Dr. A. J. Turner, director of 
the Linen Industry Research Association; Colonel B. Ungerson, 
late of the Royal Aimy Educational Corps; Mr. G. M. Wright, 
engineer-in-chief, Marconi’s Wireless Telegraph Co. 1.8.0.: Mr. 
L. S. Davis, Government chemist, Trinidad ; Mr. C. A. Leembruggen, 
formerly assistant director of surveys, Fiji; Mr. G. H. Mackey, prin¬ 
cipal examiner, Patent Office and Industrial Property Department, 
Board of Trade; Capt. A. E. W. Nesbitt, surveyor. Gold Coast. 

Dr. W. S. Adams, Prof. Carl F. Cori, I^f. E. Fermi and Prof. 
Carl Skottsberg have been elected foreign members of the Royal 
Society. Dr. G. M. Trevelyan, master of Trinity College, Cambridge, 
has been elected a Fellow of the Royal Society under the statute 
which provides for the election of persons who either have rendered, 
conspicuous service to the cause of science or are such that their 
election would be of signal ben^t to the Society. 

Sir John Cockcroft, Prof. P. Jl M. Dirac and Prof. R. A. Peters 
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are among those elected to be foreign honorary members of the 
American Academy of Arts and Sciences. 

The Gold Medal for 1960 of the Royal Astronomical Society has 
been awarded to Prof. Joel Stebbins, of the Lick Observatory, 
University of California, for his development of physical methods 
in astronomical photometry and for the results obtained by the use 
of those methods. 

The Royal Aeronautical Society’s Gold Medal has been awarded 
to Sir Geoffrey de Havilland, for his outstanding work in the field 
of aviation. 

The gold Albert Medal of the Royal Society of Arts for 1950 has 
been awarded to Sir Edward Appleton, principal and vice-chancellor 
of the University of Edinburgh, “ for outstanding services to science 
and industrial research.” 

Other medals awarded include : the fifth annual Holweck Prize 
and Medal to M. P. Jacquinot, of the Faculty of Science of the 
University of Paris ; the Gold Medal of the Institution of Mining 
and Metallurgy to Mr. Robert Annan, past-president of the Institu¬ 
tion and chairman of New Consolidated Gold Fields, Ltd., for his 
distinguished services to the mining industry; the Warner Medal 
of the Textile Institute to Mr. L. H. C. Tippett, head of the Mechanical 
Processing Division of the British Cotton Industry Research 
Association. 

Dr. W. Huine-Rothery, lecturer in metallurgical chemistry in the 
University of Oxford, has received the Bakhuis Roozeboom Medal of 
the Royal Netherlands Academy of Sciences, which is awarded once 
in every four or five years for fundamental work in the field of 
phase-theory. Prof. F. E. Simon, professor of thermodynamics in 
the University of Oxford, has been awarded the Kamorlingh Onnes 
Gold Medal of the Netherlands Society for Refrigeration, in recogm- 
tion of his contributions to refrigeration techniques at very low 
temperatures. 

Sir Henry Tizard has asked to be relieved of part of his respon¬ 
sibilities as scientific adviser to the Minister of Defence, and Sir 
Frederick Brundrett, chief of the Royal Naval Scientific Service, has 
been appointed deputy scientific adviser to the Minister of Defence. 
Mr. W. R. Cook, director of physical research, Admiralty, has been 
appointed to succeed Sir Frederick Brundrett. 

Prof. W. J. Pugh, professor of geology in the University of 
Manchester, is to succeed Dr. W. F. P. McLintock as director of the 
Geological Survey of Great Britain. 

Dr. F. Sherwood Taylor, who has been since 1940 curator of 
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the Museum of the History of Science at Oxford, has been appointed 
Director of the Science Museum, South Kensington, in succession 
to the late Dr. H. Shaw. 

We have noted with great regret the announcements of the death 
of the followmg scientific workers during the quarter : Prof. A. B. 
Appleton, emeritus professor of anatomy at St. Thomas’s Hospital, 
University of London; Prof. B. P. Babkin, F.R.S., formerly pro¬ 
fessor of physiology at McGdl University; Mr. F. F. R. Channer, 
C.I.E., O.B.E., formerly chief conservator of forests, India; Mr. 
M J. B. Davy, keeper of the Department of Air and Water Transport, 
Science Museum; Admiral Sir Mostyn Field, K.C.B., F.R.S., 
hydrographor of the Navy during 1904-9; Mr. V. K. Maitland, 
C S.I., formerly chief conservator of forests. Central Provinces, 
India ; Mr. H. G. Maurice, C.B., president of the Zoological Society 
of London, 1942-48 ; Mr. G. H. Nash, C.B.E., a former director of 
Standard Telephones and Cables, Ltd., known for his work on the 
seismophone and the hydrophone; Prof. G. W. Robinson, C.B.E., 
F.R S., professor of agricultural chemistry in the University College 
of North Wales, Bangor; Mr. J. B. Scrivener, I.S.O., formerly 
director of the Geological Survey, Federated Malay States; Dr. 
H. Shaw, director of the Science Museum, South Kensington. 

At the beginning of this year the National Physical Laboratory 
of India was opened in Delhi by Sardar Vallabhbhai Patel, Deputy 
Prime Minister of India. This is the second of eleven projected 
National Laboratories to be built, and it owes its Inception to Sir 
Shanti Bhatnagar, Director of Scientific and Industrial Research, 
who put forward recommendations for the laboratory in 1941. 
Physical research in India has been steadily increasing during the 
present century, and this growth has been accelerated by the develop¬ 
ment of research facihties in Universities, Government Scientific 
Departments and Research Institutions. In the last decade the 
Raman Research Institute at Bangalore and the Tata Institute of 
Fundamental Research at Bombay were founded. 

The director of the new laboratory is Dr. K. S. Elrishnan, and 
the work will be carried out through the following nine divisions : 
Weights and Measures, Applied Mechanics and Materials, Heat and 
Power, Optics, Electricity, Electronics and Sound, Industrial 
Physics, Hydraulic Research and Analytical Chemistry. 

In 1949 the Association of British Chemical Manufacturers pre¬ 
pared a Report on the Chemical Industry, and, at the request of the 
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President of the Board of Trade, a chart was included setting out 
the principal products of the chemical industry and showing how the 
starting raw materials are further treated and made into final 
products for other industries. As there has been a considerable 
'demand for this chart from chemists both in the academic world 
and in industry, it has been reprinted and can be obtained from the 
Association at 166, Piccadilly, London, W.l. The price is Is., post 
free, and cash must accompany the order. 

We have received the first issue of a new quarterly journal 
entitled The British Journal for the Philosophy of Science. The 
general editor is Dr. A. C. Crombie, who is the Hon. Secretary of 
the Philosophy of Science Group, British Society for the History of 
Science, and the committee of this group is also the managing com^ 
mittee of the new journal. Dr. Crombie is supported by a strong 
editorial board and, judging by the first issue, there should be a 
definite future for this new publication. The first number contains 
articles on “ A Theory of Measurement ” by Prof. H. Dingle, 
" Critical Epochs in the Development of the Theory of Science ” 
by Prof. E. W. Beth, “ Descartes and the Body-Mind Problem in 
Physiology ” by Dr. M. H. Pirenne, and “ Metaphysical Interpreta¬ 
tions of Science, Part I ” by Philipp Frank. The annual subscription 
is 30«. per annum or Is. M. per issue. The publishers are Thomas 
Nelson & Sons, Ltd., and orders can be sent direct to them or to any 
bookseller. 

Since August the Library and Information Department of the 
British Scientific Instrument Research Association has joined the 
Laboratories of the Association at “ Sira,” SouthiU, Elmstead Woods, 
Chislehurst, Kent. Visitors to the Library are welcomed. The 
nearest station—some five minutes’ walk from the house—^is Elm- 
stead Woods on the Orpington and Sevenoaks line from Charing 
Cross, Waterloo or London Bridge. 
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COMPARA.TIVE BIOCHEMISTRY. By Ebnbst Baldwin, PhD., 
Professor of Biochonustry m the Umversity of London, University 
College. Being a Boview of Biochemical Evolution, by Mahobl 
Flobkin, edited, translated and enlarged by SaBains Mobodus. 
[Pp viii + 157, with 26 dguree.] (New York: Aoadenuo Press, Ino.. 
1949 |4 00) 

Thb publication of a new book concenxed with the comparative side 
of biochemistry is necessarily an imjiortant event for, since the 
appearance m 1903 of Otto von Furth’s Vergkiehende Phyaiologie 
der mederen Ttere, no attempt has been made to collect into a unified 
whole the widely scattered papers that compose the literature of 
comparative biochemistry. There have been many textbooks of 
comparative physiology, but of these not even Winterstein’S 
voluminous Handbwh der vergleichetiden Phyaiologie, which was 
published in serial parts over the period 1910-14 and occupies some 
20 inches of shelf space, contains much that is of value to the 
biochemist The chemical matter to be found m such books has 
usually been incorporated in a completely imcritical fashion so that, 
except as a source of references to early and often very obscure 
papers, they are virtually useless. 

It is in any case true that much early comparative work is of 
little but historical interest today. Even a quarter of a century 
ago, biochemistry was mainly concerned with problems of clinical 
or economic importance. Such fragmentary data of a comparative 
kind as had been recorded were largely unreliable and were in many 
cases of the sort that appear in the literature only because they 
are easy to make and put on record. Already i^e work of Kruken- 
berg, of which Biedermann wrote “ Strengste Kritik scheint unter 
alien Umstdnden geboten,” and that of Griffiths, of whose observa¬ 
tions remarkably few have ever found confirmation, had,oombiaed 
to give comparative biochemistry an unenviable start. The ready 
endowment of research likely to have a more or less immediate 
bearing upon clinical or economic problems was seldom extende4 
to work on the biochemistry of worms or starfishes, and the bio¬ 
chemist usually found himself tied to the pursuit of more " useful ** 
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and therefore more profitable problems. Thus the field was left 
open to comparative physiologists who, as representatives of longer- 
established branches of biological enquiry, found more generous and 
more ready endowment. Many of their excursions into the field 
were brilliantly successful as, for instance, were those of such men 
as Bay Lankester, who brought the new and elegant method of 
spectroscopy to the study of animal pigments and pigmentation. 
Many other excursions, on the other hand, served only to add to 
an existing confusion and to disperse still further an already diffuse 
literature. As an instance we may mention the abundant early 
work on the digestive enzymes of mvertebrates. Early work m this 
direction was already foredoomed, oven at the hands of competent, 
trained biochemists because, as J. B. S. Haldane has pointed out, 
studies on enzymes were “ at the mercy of unanal 3 ^able changes 
in the environmental conditions until Sorensen pointed out the 
dependence of enzyme activity upon pH.” Bearing in mind the 
fact that Sorensen’s observations were published as late as 1909 and 
took some years to penetrate into the less strictly biochemical 
literature, it is hardly to have been expected that workers with little 
or no biochemical training could succeed in solving problems of a 
distinctively biochemical nature, which even a trained biochemist 
could not properly have dealt with at the time. In this, as in many 
other directions, comparative biochemistry had to wait for advances 
in the parent subject, and, although at the present time biochemical 
thought and technique ahke have reached high standards of special¬ 
isation and many problems of a comparative kind have been laid 
open to biochemical investigation, many others in the same field 
stiU await the development of new and perhaps even more specialised 
methods and concepts. 

That the evolution of form and function must have a molecular 
basis cannot today be seriously doubted, but so seriously and for 
so many years has comparative biochemistry been neglected that 
the experimental data available even today are isolated, usually 
unconfirmed and widely scattered throughout the whole field of 
biological literature. Indeed, as Needham and Needham pointed 
out almost twenty years ago, “ If comparative biochemistry hitherto 
has presented the appearance of an arbitrary mass of unrelated facts, 
it is precisely because it has not been comparative enough.” The 
general position has, however, improved somewhat in recent years 
and there now exists a considerable number of review articles, 
necessarily restricted in scope yet covering certain specialised aspects 
of the field thoroughly and critically; but the synthesis of the whole 
fiterature into a single book has still not been attempted. The 
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reviewer’s Introduction to Comparative Biochemistry, now in its third 
edition, first appeared in 1937 and remained alone without com¬ 
panion or rival until Marcel Florkin’s L'Svolution Biochimique made 
its first appearance in 1044. From the original French edition an 
English translation has now been prepared, edited and expanded 
by Dr. Sergius Morguhs of the University of Nebraska. , 

Bearing in mind the general state of the subject andot^^ ^ 
diffuse nature of its literature, it will be clear enough 
a book in support of his thesis, that “ evolution and the nr ^ r? 
of animals can be considered from a biochemical viewpoln *ardu 
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have been at any time and under any circumstances 


?fes8or 


undertaking. The more praise is due, therefore, to Pro ^ 
Florkin, whose book was written in Belgium under GerrM. 
occupation. 

To write a book that is read and escape without criticism is the 
lot of very few authors, and the reviewer would point out that much 
of the criticism here levelled at UBvcdwtion Bio(Mmique is directed 
not BO much at the book and its author as at the present state of 
the subject with which they deal. Lack of continuity is inevitable 
in any book that treats of material which itself consists largely of 
“ an arbitrary mass of unrelated facts,” but there is in the reviewer s 
opinion more than an irreducible minimum of discontinuity in the 
text, so that reading becomes a task rather than a pleasure, albeit 
tbe task is well worth the accompUshment. 

Professor Florkin begins with evidence pointing to the existence 
of some kind of common and fundamental chemical ground-plan, 
which underlies the immense wealth and diversity of size, shape, 
structure, habit and so on displayed in the animal kingdom. Here, 
as elsewhere throughout the book, the available evidence is striking 
enough, yet full of lacunes. Inconclusive though it must necessarily 
be, therefore, the evidence points every time to the existence of 
some fundamental and common pattern and, even if approached 
in a spirit of critical scepticism, achieves a considerable measure of 
conviction. 

That some such basic design corresponds to reality is not, of 
course, a new idea, any more than the idea of evolution was wholly 
new when it was formulated by Darwin. Indeed, such an idea has 
been tacitly assumed and accepted, at any rate as a working hypo¬ 
thesis, by a num)t>er of leaders of biochemical thought. It is 
particularly clearly* implied in the following words, written by the 
late Qowkmd Hopkins in 1937 : “ I venture to think,” he wrote, 
” that productive thought in biochemistry in particular calls for the' 
widest possiblit survey of life’s manifestations. One of its ultimate 
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taaks is to decide on what, from the chemical standpoint, is essential 
for these manifestations, as distinct from what is secondary and 
specific.” 

Professor Florkin’s second chapter deals no longer with resem¬ 
blances but with differences ; differences which would appear to be 
” secondary and specific ”—^new chemical edifices, probably of 
adaptive significance, erected ui)on the common, fundamental 
ground-work. There is, of course, no lack of evidence of biochemical 
differences between different groups of animals, and even between 
morphologically similar species. Differences of this kind are hardly 
unexpected, but what has always seemed to the reviewer to be 
particularly striking is not the fact that differences do indeed exist, 
but rather that there are not more of them. Indeed, the fact that 
they are not more extensive and more numerous seems to be a 
weighty if somewhat indirect argument in favour of the existence 
of a fundamental ground-plan of some kind. 

Professor Florkin goes on to trace the evolution of biochemical 
systems in the animal kingdom, drawing attention first of all to 
the existence, in different animal groups at different levels in the 
animal kingdom, of analogous phenomena, such as respiratory 
carriers of oxygen, respiratory catalysts, phosphagens, osmotically 
active ions and so on. From this he passes to a study of the evolu¬ 
tion of the respiratory function of the blood, of the digestion and 
digestive enzymes. His sections on the evolution of nitrogen meta¬ 
bolism in relation to the environment are particularly striking and 
attractive, largely, perhaps, because there is hero a field that has 
been particularly thoroughly explored. 

In all, three chapters are devoted to three aspects of these topics 
under the headings of “ L’fivolution des constituants biochimiques,” 
" Syst^mes biochimiques & Evolution orthogdndtique ” and “ Adapta¬ 
tions biochimiques.” Each topic appears three times, once under 
each of these headings. By arranging his material in this manner 
the author has, in the opinion of the reviewer, made his reader’s 
task unnecessarily exhausting, for it is necessary to jump from topic 
to topic several times over in a context that is already disjointed 
enough. To achieve any sort of continuity would have been difficult 
wiHi the experimental material available and it is unfortunate 
indeed that here, where by a more judicious arrangement of the 
text far more continuity might easily have been achieved, it has 
in fact nearly disappeared altogether. Hovirever, at second reading 
it proved possible, by selecting the related sections from the three 
successive chapters and reading them as a sequence, to facilitate 
the process of reading very considerably, and the reviewer would 
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recommend this prooedttre to Professor Horkin’s readers. Possit 
the author would consider a corresponding re-arrangement of the 
material in his next edition. 

In Chapter VI (“ Caraot^res syst^matiques ”) the author focuses 
attention, in considerable detail, upon the biochemical features which 
characterise different animal phyla. There is here a mass of 
information, drawn from many branches of biochemistry, and the 
chapter achieves a noteworthy synthesis of great comparative value. 
But most important of all is the last chapter, entitled “ Perspectives,” 
in which attention is drawn to fundamental biological problems 
rather than to points of detail. There are sections on bioohemisttf 
in relation to morphology, the mechanisms of biochemical evolutid n 
biochemical recapitulation in ontogenesis, the problem of the reve^ 
sibility or irreversibility of biochemical evolution, and biochemistry 
in relation to phylogenesis. Here there is much that is profoimd 
and much that every biologist, be he biochemist, physiologist or 
morphologist, should read and weigh well. If the book had con¬ 
tained only this final chapter the effort of writing it, and the probably 
even greater effort of publishing it in war-time, would have been 
amply justified. 

Unfortunately the English translation is wholly devoid of the 
charm so characteristic of the French edition, but, as some com¬ 
pensation for this loss. Professor Morgulis has added to his transla¬ 
tion a skeleton key to the literature in the form of a bibliography 
of about 300 entries. This should add materially to the usefulness 
of the book to readers unacquainted with the general field. JEn 
addition, a considerable amount of new matter has been addeefoy 
the translator in his editorial capacity, but often to the detriment 
of the already firagile continmty of the text. 

The reviewer felt that although, in the main, the translation hi 
faithful to the original text, the translator should, in his capacity 
as on Editor, have taken more care to allow for the progress made 
in biochemistry as a whole during the five years which elapsed 
between the publication of the first French and the new American 
editions. It is somewhat distressing to read in 1949 that “the 
yellow enzyme takes care of fatty acid metabolism,” and to find 
that the breakdown of adenosine triphosphate in glycolysis and 
elsewhere is still reported as yielding adenylic acid, rather than 
adenosine diphosphate. Nor are these the only examples of passa^ 
which would have been substantially the better for firm editorial 
revision. 

Possibly because this new edition is in his native language tlm 
reviewer found Professor Florkin’s occasional teleologioal tendenoji^. 



^iiurtiotllairly glaring. It is, as the reviewer knows all too well, only 
liOO easy to fall into a mode of expression that, on analysis, is 
bhoroii^y teleological without necessarily holding a teleological 
point of view. Certainly there are passages in this book which 
sould, and certainly should, have been more cautiously expressed 
unless, indeed, the author’s attitude is in favour of teleology, which 
seems very doubtful. For instance, wo are informed that “ Evolu- 
bion frequently utilises an already existing substance for a new 
Tunction by creating a new system of biochemical receptors for its 
iction ” ; again, we read that “ It is most probable that the accumu¬ 
lation of ammonia in the internal medium was the reason fur the 
production of a much less soluble substance like uric acid ” 
[reviewer’s italics). Other passages could be cited. Unintentional 
lapses though these probably are, they must inevitably have con¬ 
sequences that will be regrettable for biochemistry among biologists 
in whom the spirit of one or another form of vitalism still lingers on ; 
md, what is perhaps even more to be regretted, among younger 
students who may read the book and find teleological habits of 
bhought apparently approved of and accepted both by the 
iuthor himself and by the combined person of his translator and 
sditor. 

Despite the comments and criticisms in the preceding paragraphs 
it must not be supposed that Professor Florkin’s book is something 
bo pass by. Taken as a whole, the book is a bold and a worthy 
contribution of great value to a grossly neglected field of scientific 
endeavour, and one deserving the widest possible biological public. 
In its new form it is attrs^stively printed and well bound, although 
it oontains too many typographical errors and not a few inaccuracies, 
not all of which have been carried over from the original French 
text. None the less, a careful reading—^which will prove somewhat 
laborious—could do much to open the eyes and the mind of many 
a biologist and, to the biochemist, whose eyes hitherto have too often 
be^ averted from such a frankly biological approach to his subject. 
It. will convey much that is stimulating and intriguing. If, as it 
pCay well do, this book persuades even a few biochemists to place 
more accent on the “ bio- ” and less on the “ chemistry ” than has 
hitherto been usual it will have done two great services to bio- 
ehemistry as a whole; first, by emphasising the interest and 
fundamental importance of a broad biological outlook for the 
l^ioohemist himself and, secondly, by demonstrating to the biologist 
^ applicability of biochemical concepts and techniques to funda- 
Ipentw problems in general biology. 
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artXDXEd XN LUMINESCEISTCE. By O. F. J. Oabuck, B.IU.V 
Fh,D., F.Bufc.P., Univenity of Binningham. Being a review of 
Fluoreacence and Phoaphoraaeanca, by Pxteb PaiHOsaiink 
[Pp. xvi + 7Q4, with 210 figure^,] (New York and Ijondon: Inter- 
Boienoo Publiahers, Inc., 1940. 120«. net.) 

PBOFBsaoB Pringsheim is one of the few workers, still active in the 
field of luminescence, who can provide from personal knowledge a 
survey of development over the past fifty years of so. His first 
book Flmrescenz und Phosphorescent appeared in 1921, modest in 
size and mainly devoted to fluorescence in the gaseous and liquid 
phases. In his new volume of some eight hundred text pages he 
has included a large section on the fluorescence of gases and vapours. 
To many of us who are much younger workers in the subject these 
aspects tend to appear as a branch of spectroscopy. From the 
present book, however, we learn that there are many deficiencies in 
the knowledge of fiuorescence in gases that might be worthy of further 
research. Professor Pringsheim notes the shift of interest in recent 
years to luminescence in solids, particularly to luminescence in the 
so-called “ crystal phosphors.” He attributes it to the growing 
technical importance of these materials. Undoubtedly commercial 
interest has prompted a large expansion of research on crystal 
phosphors, but it must be remembered that there has been a parallel 
growth of interest in the physics of solids, in which luminescence 
is a phenomenon of considerable importance. 

In its introduction the book calls attention to the techniques 
used in the study of luminescence. Such techniques include the 
various forms of Becquerel phosphoroscope. The modern use of the 
cathode ray tube permits visual observation of the form of phos¬ 
phorescence decay over a wide time range from microsecond to 
hours, while supersonic cell fluorimeters enable fluorescence life 
times shorter than 10~* sec. to be measured. Measurements of 
polarisation of fluorescence can provide valuable information about 
the electronic structure of fluorescent molecules, but the author 
might have stressed the danger of ambiguity of results when the 
state of polarisation is not measured at all angles to tiie direction 
of the radiation exciting fluorescence. We may also wish for more 
adequate mention of such important sources of ultra-violet radiation 
as the mercury and hydrogen high-pressure arc lamps, which 
almost indispensable in luminescence research. ■ 

It is surprising to find how few of the monatomic gases end 
vapours have been thoroughly studied with respect to their fl.uorni' 
eObence, notaUy sodium, zinc, cadmium, mercury and calcium. 
other gases experimental diffioulties. such as the hish temneratuieiu 
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p^aeBaary for Taporisation, preclude accurate observations. Mon> 
atomic gases and vapours have relatively simple fluorescence 
Characteristics and it is possible to make precise measurements of 
^cir line spectra, ^spectral lino widths, life times of excited states, 
hyperfine structure, polarisation and quenching of fluorescence. 
7^e latter may be due to collisions between fluorescent atoms or 
between these atoms and those of foreign gases introduced into the 
system. Similar investigations are possible for diatomic gases, but 
fluorescence characteristics are complicated by the existence of 
vibrational states of the molecules. For such studies the halogens, 
and in particular iodine, were first selected by early workers. Few 
polar molecules are known to fluoresce in the vapour state, but 
among them silver chloride and thallous iodide have received some 
attention. Quenching of fluorescence in diatomic gases is more 
complicated than in monatomic systems, since it can arise from 
dissociation of the excited molecules. This probability of molecular 
dissociation is much greater in the case of polyatomic molecules and, 
in addition, fluorescence is much more likely to be quenched by 
“ internal conversion ” of the absorbed energy. Very few poly¬ 
atomic molecules have been investigated in the vapour phase and 
only a few inorganic molecules, for example nitrogen peroxide and 
sulphur dioxide, are known to be fluorescent. It is much easier to 
study the fluorescence of polyatomic organic molecules in solution 
but, even so, by far the greater number investigated have been 
aromatic compounds. 

Many more phenomena have to be included in the generic term 
luminescence when attention is turned to solids and condensed 
B 3 mtem 8 . Professor Pringsheim introduces the second part of his 
text with a general survey of these phenomena and of the important 
classes of luminescent solids. There may be several complex stages 
in the luminescence process between the initial absorption of energy 
by a solid and the final emission of luminescence. These include 
tiie process of energy transfer through the crystal, its storage for 
considerable periods of time before emission and its subsequent 
transport to the relatively few “ centres ” in the solid which are 
responsible for the final emission of radiation. Although much 
Itnay be learned firom the fluorescence of gases it is not usually possible 
to use this information to build up a comprehensive theory of lumin¬ 
escence in solids. For this purpose the wave mechanical models for 
etystalline solids, successfully applied to other phenomena, such as 
semi-conduction aad<the photographic process, have proved most 
useful. Among the interesting topics presented by the authoi^^in 
Ids survey we may note the relation of fluorescence to the process 



^ jiihotosy^heBis In living plants, the extensive studies of qdeni^ 
of fluotesoenoe in solution and the striking fiuoresoenoe effi»<d^; 
observed in the formation of polymers of pseudo-isooyanine 4yd 
molecules. In the salting out of tlUs dye from sojiution long thread^ 
appear containing thousands of molecules in ca^ pack formation’ 
and each thread behaves as a single unit having a sharp resonanOe 
absorption-fluorescence band. A little more space might have bera. 
afforded to discussion of these effects and to the conflicting theories 
of their mechanism due to Scheibe and to Sheppard and his co¬ 
workers. 

In considering the fluorescence of organic compounds Professor 
Pringsheim describes the early theories of ohromatophoric and 
fluorescence groups in molecules and then shows how much more 
compr^ensive and satisfying are the modern interpretations of 
colour and fluorescence due to wave mechanical treatment. It must 
be noted with regret that the contributions to the latter made by 
Coulson and his collaborators are not mentioned and the work of 
Sklar later than 1937 is omitted (see Bev. Mod. Phya., 14, 1942). 
A large amount of precise work on the luminescence of molecules 
dissolved in solids is due to the late G. N. Lewis. Long-lived 
phosphorescence is exhibited by fluorescein molecules in boric acid 
and changes of magnetic susceptibility accompany the excitation of 
luminescence. Kauteky has studied similar systems, particularly 
dye molecules adsorbed on silioa gel. In his later publications (1947), 
not mentioned by the author, he describes the photochemical sensi¬ 
tisation of adsorbed molecules, which then function as sensitive 
detectors for very small traces of oxygen. The introduction of 
oj^en causes a brilliant emission of luminescence from the 
molecules. 

Relatively few inorganic materials are luminescent in the pure 
state. These include rare eartn salts and their ions in srdutioi^ 
which often exhibit line spectra when excited. However, the lumhi'' 
esoence spectra are considerably modified when the ions are dispem^ 
in solid media, such as glasses. Other piure materials whicdi sho^ 
luminescence include the uranyl salts, platinoo 3 ^anidas, sUoxene and, 
probably diamond, although the autW attributes its luminesootion' 
to impinrities. In reviewing the history of the studies of orystljf. 
phosphors, Professor Pringsheim observes that the extensive vodl 
of Lrauurd appears to have hampered progress because of the 
what dogmatic theoretical views expressed in it. Be steesses, wi^ 
the wisdom bom of long experience in tbis4eld, the iu|ces;4ty , 
maintaining an impartial attitude towards the various piu^ 
current theories of phosphorescence and enmgy storage in tajnM 
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IdtoMphors. However, he states that phosphoresoenoe of long dura* 
Mon is associated with materials having cubic or hexagonal crystal 
Structures, although there are very many exceptions to this hypo¬ 
thesis, for example, manganese activated zinc silicates containing 
traces of arsenic and some manganese activated zinc-magnesium 
flborides. Fluorescence and phosphorescence are often quenched by 
small amounts of deleterious impurities in phosphors. It is not 
true to say, however, that traces of calcium molybdate destroy the 
luminesoonoe of calcium tungstate. The shift of the luminescent 
spectrum of natural soheelite (CaWOJ to longer wavelengths (with 
no marked diminution in intensity) duo to inclusions of calcium 
molybdate is used as an approximate method of analysis for 
tungstate ores. 

No text concerned with the properties of crystal phosphors would 
be complete without a discussion of the electrical phenomena which 
accompany luminescence in zinc sulphide and some other phosphors. 
On excitation by ultra-violet light photoconductivity and large 
increases in dielectric constant and diebctric loss of the phosphor 
occur. These are associated with the movement of electrons in the 
phosphor crystals and their capture in metastable energy states, 
giving rise to highly polarisable systems. The author appears to 
be much more conversant with the earlier work on these phenomenon 
than with the more precise measurements and interpretations 
afforded by recent research. This may account for his confused 
inresentation of the relations between luminescence and photo¬ 
conductivity in silicate phosphors. He also assumes that such 
chemical compounds as zinc mesodisilicate and zinc metasilicate 
exist, although it has been known for many years that zinc ortho¬ 
silicate (ZngSi 04 ) is the only real compound formed by zinc oxide 
and siUoa. Many natural minerals have interesting luminescence 
oharacteristics, often related to the discoloration of these crystals by 
energetic radiation or particles. These include uranium compounds, 
tnniptates, diamonds, rubies, fluorites, kunzites and caloites. The 
author creates some confusion in discussing the studies of luminescence 
in diamonds, since he reverses the accepted classification of speci¬ 
mens into types I and II, as originally given by Bobertson, Fox and 
JlfarMn (ld34). Diamonds of type I axe opaque to radiation of less 
than 3000 A wavelength, non-photoconducting and exhibit a blue 
or blue-green fluorescence. Diamonds of type II are transparent ^ 
to radiaMon of wavelength as short as 2250 A, are photoconducting 
mid mostly non-luminescent. 

•' Professor Pringsheim has provided an extensive bibliography of^ 
Nearly 2000 refermoes, together with author and subject indices* ‘ 
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Taken as a wbole ius book is certainly enoyolopsedio and in nuuty 
detailed oases critical. The style is not very lucid and the second 
port on the luminesoence of solids shows many signs of a partial 
appreciation of data. As the author points out, the text was 
virtually complete in 1946 and suffers from omission of much work 
published since then. As a general inference from this book it 
would seem that luminescence is becoming too extensive a subject 
to be dealt with in one volume or to be co-ordinated by one man. 
Professor Pringsheim is to be congratulated not only for his courage 
in attempting an appraisal of the whole field, but for the imiUense 
amount of material he has coUeoted together in this book. 
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Theoretical Hydrodynamics. By L. M. MUiNE-TnoMdON. Second 
edition. [Pp. XXIV 4 - 600, with 4 plates and uumorous figures.] (Lon¬ 
don ; Macmillfiui & Co., Ltd, 1949. 60s. not.) 

Any book on tins subject lias to satisfy two principal requiromonts • it must, 
to justify its existence, present the classical results in at least as clear a manner 
as hitherto, preserving at the samo time the vitality of earlier writers, and it 
must include a certain amount of new material which is selected for its im¬ 
portance m the development of the subject It will bo generally accorded 
that this book, largely rewritten from the first eilition, satisfies thi'se tequire- 
menta adequately, although there must, of necessity, bo slight divergence of 
opinion concerning certain minor items which have been omitted. It is 
evident that the author has on mtiinate knowledge of the subject matter and 
a wide expononoe m teaohmg it, and the book is thstmguishod throughout 
by its elegance and simplicity of treatment. 

The structure of the book is not unlike earlier treatises, but the consistent 
application of vector methods makes the treatment much more concise than 
hitherto, and it is probably this feature more them any other which makes the 
Ubok a valuable contribution to the subject. There are 20 chapters , Chaps. 
II and V are devoted entirely to Vector Theory and Complex Variable 
respectively. Chaps. XIX and XX to Viscosity and Compressiblo Flow respec¬ 
tively, and the remainder to the mcompressiblo perfect fluid theory. Chaps, 
n and V, combined with lator results m complex variable m the text, make the 
book qiuto self-contained, and for the student this will be a cardmal virtue. 

In the mcompressible perfect fluid chapters, in addition to the usual 
olaosical results, there are several notable features compared with earlier 
treatises. Use is made of the “ circle ” and “ sphere ” theorems (from which 
it is possible to write down the complex potential for the flow when a circular 
cylinder or a sphere is introduced mto a given stioam) ; the elegant work of 
Levi-Civita on the disoontmuous flow past obstacles with curved boundaries 
is included; the drag associated with the vortex wake is adequately discussed, 
particular reference must bo made to Chap. XVII, which gives a concise 
account of the Kirohoff-Kelvm theory of solids moving through liquids. This 
book of course is already a large one, but it is a little surprising to And that the 
classical tidal theory receives on the whole rather scant attention. There is 
no reference either to the important analogy pomted out by Biabouohinsky 
between compressible flow and shallow water wave theory. These, however, 
are minor blemishes in a comprehensive text. 

The chapter devoted to viscosity contains all the standard results, but is 
notable for its inclusion of the important investigations of Filon and others 
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into the forces on a cylinder in a viscous fluid. The boundary layer theosy 
is, on the whole, adequately introduced 5 the flat plate problem is solved 
by liamb’s method and the opportunity of utilising the Weyl-Meksyn 
nique in such problexns has not been taken. 

Tlie chapter devoted to compressible flow is a good summary of the 
important aspects of this rapidly widenmg field. There is a reference only 
to the linearisod theory (which topic is treated in the author's Thearetfoai 
Aerodynamica)f but the hodograph method, with the well-known results due 
to Chaplygin, and the particular cases of exact solution investigated by 
Ringleb and Temple are given. Charaoteristios and shock waves are dis¬ 
cussed with considerable clarity and Meyer's important contribution in 
characteristic theory is included. 

This book will certainly moot the requirements of honours mathematics 
students in the universities and, even though some of the contents of the 
book, for example Chap. II, will have been encountered by such students in 
other courses, it is unlikely that the material could be more ably presented 
than here. 

T. V. D. 


Giant Brains or Machines that Think. By E. C. Bbbkrlbv. [Pp, 
xvi -h 270, with 77 figures.] (New York : John Wiley & Sons, Inc. j 
London: Cliapman &, Hall, Ltd., 1949. 32s. net.) 

This book presents what is probably the first attempt to describe in populai 
terms the developments in computii^ machines which have taken plaoo in 
the last decade. After a brief introduction, which reads rather like a defence 
of his choice of title, the author introduces the ideas involved in modem 
computing machines by describing the construction of a simple machine 
which is capable of carrying out sequences of elementary arithmetic and 
logical operations. This machine has two paper tape inputs, on the first oi 
which it recoivf5s coded instructions and, on the second, the numbers ou 
which the operations are to be performed. This section is one of the mosi 
satisfactory in the book, as it comes nearest to satisfying the demands of the 
wide range of readers for which it was intended. 

The next few ohaptors are devoted to descriptions of a number of specific 
large-scale computing machines which were in operation before thef end oi 
1947. They include the standard I.B.M. punched card machines, the second 
M.I.T. Differential Analyser, the Harvard Automatic Sequence ControQed 
Cl^lculator, the ENIAC and the Bell Telephone (General Purpose Calculator 
Those descriptions frequently suffer from the author’s attempts to cater foi 
a wide variety of readers. This is particularly noticeable in the chapter or 
the differential analyser, in which, for instance, very elementary definitions oj 
differentiation and integration are included. The deBoriptions of the standavd 
I.B.M. punched card machines, however, are exo^tionally clear, and sbonU 
serve as an excellent introduotiem to them for any reader. The last chapfoi 
on computing machines gives a brief summary of some of the new xnaebinaii 
which were under construction when the book went to press. . . 

Mr. Berkeley concludes with two ch^ters of a more ipeculative natuca 
the first on the future of •* machines which think " and the second on ^ 
sociologictd implicationa of these developments. ' 

This book is clearly not for the specialist in this fidd, but it can be 
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tM^mmended to anyone who wishes to gain a clear idea of the general scope 
IH3 i 4 the objectives of recent dovelopmentis in computing machines. 

J. H. W. 


Soientiat’s Ready Reckoner. Logarithmic Tables for all those 
engaged in physical and biological sciences. By W. Robcan, Ph.D.» 
A.F.List.Pet. [Pp. viii -f- 142.] (The Hague : Dr. W. Junk, Pub¬ 
lishers, 1950 ; liondon Agents : Wm. Dawson <fc Sons, Ltd. 16#, net.) 

Thb first half of this book comprises tables of atomic weights, multiples of 
the atomic and molecular weights of some common atoms and groups, mole¬ 
cular weights of molecules and radicals with multiples and submultiplea in 
common use, gravimetric factors and titrimetric equivalents, together with 
their logarithms in each case. The second half includes tables of the densities 
4 kt 16® 0. of aqueous solutions of ammonia, ethyl and isopropyl alcohols, 
proof spirit, hydrogen peroxide, and acids and alkalis on various scales, 
tables for the conversion of temperatures from tlie absolute or centigrade 
scales to Fahrenheit, four-figure logarithms and antilogarithms, and five- 
figure logarithms. 

Although the book will not find very wide usage in university and college 
laboratories, it will undoubtedly be extremely useful m some industrial 
laboratories where ready access to these data is a daily necessity. Tlie tyjxs 
used is small but very clear, and a marking device permits the table required 
to be found very rapidly. 

J. W. S. 


ASTRONOMY AND METEOROLOGY 

The Face of the Moon. By Kai.ph B. Baldwin. [Pp. xiv -f 239, 
with frontispiece, 17 plates and 26 figures.] (Chicago : University of 
tfx Chicago Press; London: Cambridge University Press, 1949. 40#. 
net.) 

Tot origin of the lunar craters has been for nearly a hundred years a bone of 
contention eunong astronomers. Controversy has centred around variations 
of two major themes, the volcanic and the meteoric hypotheses, and to the 
present day opinion is as strongly divided as ever. 

During the recent war, Dr. Baldwin loft his astronomical studies for the 
development of explosives. He brings to the lunar battlefield an intimate 
Imowledge of both astronomy and explosion ballistics, and has come to favour 
the meteoric theory. In developing the arguments which load him to this 
i^ision he begins, conventionally, by contrasting the appearance of a lunar 
emter and a terrestrial volcano, 1:mt such comparisons cannot yield conclusive 
evidence because of the very diiCorent physical conditions on the two bodies. 
He next examines in detail various statistical relationsliipB between lunar 
crater features, which clearly demonstrate a common origin for nocurly all of 
^ craters. He than breaks now ground by comparing the height/diametor 
^lationship for tcrreetrial bomb craters, the few known terrestrial meteor 
the lunar craters, and all are found to lie on a smooth curve, 
gri^h is the core of his thesis, and, while it may be taken as a reasonable 
of an ex{dosive origin, it does not warrant the oonolusion drawn* 
iiust the cause of the explosion is external and therefore, ip$o faUo, meteoric. 
Knally* evidence for fossil terrestrial meteor craters is oriticallv exammed. 
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the rate of ocourrenoe of such craters throughout geological times so 
deduced is fotmd to be oonsistont with the observed density of lunar oraters^ 
A chapter on the possibility of a lunar atmosphere is included, trhUe the 
bibliography of some 150 references testifies to the author^s thorough examixiao 
tion of tlte problem. 

In short, Dr. Baldwin presents a case for the meteoric theory which 
demands attention, but it is far from being conclusive or unassailable. It 
is to be hoped that a counter-oifonsive of equal merit from the camps of 
vulcanism will not long be delayed. 

M. W, O- 


The Atmospherea of the Earth and Planets. Edited by OniMJaX) 
P. KuiPBa. (.Pp. viii f 366, with frontispiece, 16 plates and 91 
figures.] (U.S.A. : University of Chicago Press ; Great Britain and 
Ireland : Cambridge University Press, 1949. 60s. net.) 

This volume is a compilation of papers presented by some seventeen authors 
at a symposium sponsored by the University of Chicago in connection with 
the fiftieth anniversary of the Yerkes Observatory. About three-quarters 
of it is devoted to the discussion of problems connected with the earth’s 
atmospheix?, mainly in its upper levels. Of particular interest is the oocotmt* 
in Chap. IV, of the now knowledge obtaine<l by moans of high-altitude rockets, 
and of the methods by which the very considerable experimental difficulties 
encoimtered in this work have boon overcome. Loss sensational, perhaps, 
but of no loss scientific importance, is tho account of conditions in the highest 
levels, t.c. above 300 km. There is also a most stimulating account of the 
geological evidence on tho evolution of tho earth’s atmosphere ; the author, 
the late Dr. K. T. Chamberlin, makes out a good case for his claim that the 
application of geological knowledge to tho problems presented by the history 
of the atmosphere provides a fruitful field for further investigation. Tho 
chapter on the spectra of the night sky and aurora is an authoritative acootUnt, 
valuable not only as a lucid expose of a difficult subject, but also as giving 
clear indications of tho more important gaps in our knowledge and how they 
might be filled. Several other topics are dealt with, all very eKlequately, and 
the omission of others is justified by the explicit limitation to such aspects of; 
the earth’s atmosphere as lend thomaelves to a comparison with planetarjjr 
atmospheres m general. Tho ionos{)here and related phenomena, for exampl^ 
receive only casual mention. 

The principal contribution to the astronomical section of the book is by 
Dr. Kuipor, the cMlitor ; it is a fascinating summary of the latest results and 
conclusions regarding the atmospheres of the planets. Such a survey is of 
particular value at the present time, in view of the rapid rate of reosnt progresa 
in this field. It is supplemented by chapters dealing with infra-red planetary 
spectra (Adel) and recent work at Mount Wilson (Dunham). The expend^ 
mental speetrosoopist will find much to interest him in Dr. Heraberg’s aoootn^ 
(Chap. XIII) of absorption spectra of gases obtained with very long pathsp 
in fact, this may be said to open up a now field, among the first-fruits of ^ 
which may be mentioned tho quadrupole absorptiotx lines of in the 
gne^phid infra-red, and the absorption spectrum of O 4 . 

Xn a compilation of this kind it is almost impossible to avoid some 
lapping and oocasional disorepancies, but the present work, thanks 
to careful editing. Is commen^bly from such defects. The only 
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of tbo latter type which hae been detected is the conflict between the state- 
ments on p. 14 (no COg on Mars) and p. 335 (COg found on Mars), and this is 
presumably attributable to inexact synchronisation of revision of the chapters. 
The production of the text 6uid plates is excellent, and the volume is in every 
way a worthy commemoration of the jubilee of one of the most famous of 
observatorioB. 

W. E. C. 


Coamical Electrod 3 rnamic 8 . By H. ALFVibisr. The International Series 
of Monographs on Ph 3 rsica. [Pp. viii + 237, with 78 figures.] 
(Oxford ; at the Clarendon Pre^sa, 1950. 25 j 9. not.) 

This is a very important book. Tho researches of the author in this field, 
in which he is the world's leading specialist, extending over tho last thirteen 
years are well known, and it is most welcome tliat they aro now collected in 
one volume. It is a of almost inoxhaustiblo interest, which has hardly 
been tapped. The author rightly emphasises that the purpose of his book is 
more to |K)se problems than to solve them, and ho is deservedly critical of 
theories “ which are hardly more than a complicated way of expressing our 
ignorance.'* 

Indee^d, it is oxtroraoly easy to go wildly wrong in this field when relying 
on instinct. Whoso instinct would toll him, for instance, that the con¬ 
ductivity of intorstollar space, with about one ion |)er cm.* is only about 
10,000 times worse than that of copper; hence a galactic magnetic field, 
if it exists, would bo so ollbolively ** froasen in ** thiit its relaxation time would 
be of tho order of 10®^ years ? Or who would think that tho weak diamag¬ 
netism of on ionised gas, almost im|K)Hsible to measure in tho laboratory, 
might be strong enough to eject huge clouds from the sim ? It is one of 
Alfv^n's chief merits to have directed attention to just those features of 
electromognotisra which are usually not considered worth mentioning. 
Oonsoquontly tho reader, who first looks up the table of contents and finds 
that only 21 pages are given to electron dynamics and 34 pages to the vast 
subject of electric discharges, will have a pleasant siurpriso whon he sees that 
these chapters contain almost exclusively material which is inissing from 
most large textbooks. Unipolar induction, the bogey of engineers brought 
up in ignorance of relativity, is shown to be one of the most important 
electromagnetic agents on the cosmic scale. But the potential reader who 
might not feel very strong in relativity may be assiued ; Prof. Alfv4n uses 
only the simplest mathematics. 

Perhax)B the most important of Alfv6n’8 contributions to tho subject 
IB the theoretical discovery of magneto-hydrodynamic waves, whose existence 
bos been only quite recently demonstrated in the laboratory, by S. Lundquist. 
Pik>bably the most brilliant achievement of this theory is tho explanation of 
Sunspots, by Alfv4n and Wal4n, as due to whirl rings, originating in the 
interior of the sun, at the boundary of the stable region, which rise to the 
carrying strong magnetic fields with them. Though at present there 
mey be some doubt about the origin of these rings, in view of the recent low 
estimates of the sun's dipole field, one cannot help feeling that a theory which 
^jxplaina so many details must have a largo element of tnith in it. 

The theory of magnetic storms and aurorsa may be, however, a warning. 

appears that there is little basis now for the Stdrmer-Vegard theory, 
was apparently so successful, and it may have to bo replaced by a 
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** diaohargo theory,” on almoat opposite foundations. Tho veuious thaofji6i» 
of cosmic radiaticm, put forward by the author and others, rest probably ourT 
an oven more uncertain basis, but they are equally fascinating. 

The book may be recommended not only to professional astrophysioistfl, 
in whose case a recommendation is superfluous, but also to every read^ 
with a philosophical interest in the universe, and a solid, but not neoessarily 
specialist, knowledge of physics. Though the author makes no attempt to 
glamorise the subject, his work gives often enough a thrill familiar to the 
readers of Eddin^n, Joans and Hoyle. 

D. Oajiob. 

Interplanetary Flight. By A. C. CiiABiOB, B.Sc. [Pp. viii 4- 164, 
with 16 plates and 16 figures.] (London .• Tomplo Press, Ltd., 1660* 
8s. 6d. not.) 

If the writing of books could bring us nearer the planets, our goal should not 
bo far off. Since the invention of the V2 rocket in tlie late war, there has 
been a spate of books on interplanetary travel, the authors of which suSsr 
from the disadvantage of having to describe what may bo, rather than what 
has been, accomplished in their science. To the reader with a Wellsiah 
attitude of mmd to the applications of soienoe such a book as the present one 
can be intensely interesting. To one with experience of wartime rocketry, 
it is interesting to note that the rocket is in process of being dethroned firom 
its tuijustiflod position as ” space-ship number one ** and that its practical 
limitations arc now realised in the British Interplanetary Society! 

E. G. 


Between Earth and Sky. By Augusts Piocabd. Translated tby 
CiiAUDB Afohisb. [Pp. 167, with 60 plates and 13 diagrams.] (Lon* 
don : The Falcon Press, 1960. 16s. net.) 

Prof. Piooabd also takes us on an interplanetary rocket-propelled flight 
towards the end of his book, though from some things he says about the rocliet 
one judges that his acquaintanoe with that ” misguided projectile ** is bastd 
on Newton’s laws and not on practiced experience. His own sensational 
stratosphere balloon flights of 1931-34 occupy but a small section, the maOli 
thenie being the meteorology of the upper atmosphere. Those who reqwj^i^ 
a popular and entertaining account of this subject are well served* k^rein by 
Prof. Piccard, ably assisted—except for perpetrating a few unaoeustooieii 
technical terms—by his translator. 

B* G. B. 


PHYSICS 

Tha Meaning of Relativity. By Aijixbt EiNBXsm. Fourth edituM^ 
[Pp. vi + 146.] (London : Methuen & Oo,, Ltd., I960. 7«. 6d« 

Thb first 76 pages of this book reproduce the original edition wbibh 
written in 1921, and are of great historical interest, for they give the 
view of the founder of relativity theory at the time when ha put it forwaie^ 
The standpoint is necessarily that of a man steeped in the ideas of ninatctel^ 
century ph 3 rsic 8 , but who is breaking through them towards a new 
of mechanic. What the reader ifill miai in theae chapters is 
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t^tf»ai]c«throu^ which, during the pa«t thirty ye^, has itself reacted op, 
.relatMiy theory and on tho reasons for accepting it. 
j \ The first appendix originally appeared in the third edition of 1946 and is an 
argtiment for asserting that tho oosinical constant has tho value zero. It is 
well known that the value of this constant can be determined from observa¬ 
tions of the average motions and distribution in space of the oxtra-galaotio 
liebolfle, but that, until the observations from the 200>inch tolesoox>e become 
available, this value is tmoortain. Einstein gives little weight to such an 
observational determination and suggests that the cosmical constant ought to 
have the value zero on tho basis of the a priori principlf3 of “ logical economy.” 

Tho second ax>pendix—of length 15 pages—is now and contains an account 
of the unified field theory of gravitation and electroniagnotism which was 
announced in the public pross at Cliristmas 1049. It is a unified theory of 
olassioal ” type, i.e. it follows in tho tradition of the first tlieory of this kind 
enunciated in 1918 by Hermann Weyl and does not incorporate tho notion 
of discontinuity which has since become familiar to us in the quantum theory. 
A non-Riemannion geometry is employed in which the symmetrical metrical 
tensor of Riemannian geometry is replaced by a tensor which has both 
a symmetrical and an asymmetrical part. No physical interjiretation of this 
tensor is given. Hamiltonicui differentiation of an invariant formed out of 
tho generalised “ curvature ** tensor yields field equations in tho usual way. 
A short final paragraph of a dozen lines indicates which of these field equations 
might refer to the electromagnetic field. During the past thirty years it has 
been shown that unified field theories of this kind come to grief as soon as 
particular solutions of tho proposed field equations are worked out. It may 
well be thought a matter for regret that this test was not carried out on the 
new theory before its publication was announced. 

G. C. MoVittik. 


Practical Applicatioiia of Spectrum Analysis. By H. Dmoi^, D.Sc. 
[Pp. X + 246, with 19 plates and 37 figures.] (London ; Chapman A 
Hall, Ltd., 1950. 40s. net.) 

Wb welcome indeed this new contribution to a field sadly lacking in such 
books. As is only to bo expected from Prof. Dingle, this treatise is very much 
a personal record, and all the more valuable for that, since Dingle was for 
nmny ywcB the right-hand man of A. Fowler and carries with him the long 
Sjnd great spectroscopic tradition of the Imperial College at London. 

' ^ The book contains 130 pages of text, tho remainder being tables for line 
identifications. There aro eight chapters containing (a) sources, (5) prism 
igpeotrographs, (c) grating spectrographs, (d) determination of wavelengths, 
.(e)N qualitative spectrum analysis, (/) quantitative analysis. 

author has clearly borne in mind the needs of the tnq/ortfy of those 
use or could use spectrum analysis, having kept down to a minimiim the 
,4beQrCtical aspects and restricted lus description of sources to tho simpleK 
l^ypeSf which most laboratories either have or can readily acquire. H any 
^'^ppreoiablo criticism is at all to be made, it is that this section on sources 
have been expanded with advantage. 

^ .V The sections on spectrograph designs are attractive. Chap. Y includiMj 
with Appendices IIX and IV) that moat valuable quick method foi 
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the tedueiion of prism spectrograph measurementa tsught to idi 
who pass through the Spectroscopic Department of Imperial College. 
ever, the really invaluable section of the book begins in Chap. VI in which 
the author, from a deep fund of experienoe, revels the many pitfalls awaithift 
the unwary, especially with regard to preparation of souroes. Chap. VU 
contains rcdea nUimes, with pointed comments on interpretation, for some 
60 elements. It is questionable whether the introduction hero of a simplified 
notation for the description of multipiets is worth while; it only means an 
additional notation to be remember^. 

This is essentially a handbook for the practising spoctroscopist and will 
undoubtedly find much favour in metallurgical and analytical chemical 
laboratories, for it describes the “ know how,” rare enough nowadays in most 
spootroscopic books. One gets the impression that the author is not yet 
happy about the status of accurate quantitative spectrum analysis as such 
and he does not devote much space to this aspect. 

The book is beautifully illustrated by plates, which constitute an im* 
portant part. A regrettable foatiu^e is the very high price, to which no doubt 
the abundance of plates lias contributed. 

Tlie stylo of writing is most attractive and, as one would expect from 
Dingle, there are some characteristic shafts at ” definitions ” and nomen* 
clatures. 

S. T. 


Sound. By F. O. Mbb, M.A., B.So. [Pp. x + 171, with 5 plates and ^5 
figim^s.] (London: William Heinomann, Ltd., 1950. 8s. 6d. net.) 

Those who teach physios in the upper forms of secondary schools and inter* 
mediate Science students will welcome this textbook. The author lias taken 
care in the choice of his material both to interest the reader and to give a 
summary of the results of recent research. A feature is the number of illus* 
trations both of musical instruments and of the waveforms of the sounds they 
emit. Though the emphasis of the book is on experiment, the author is not 
afraid to introduce a little theory and therein to employ the calculus. 

He suggests that some of the neglect of the subject in the school physics 
syllabus is duo to the difficulty of setting numerical examples other than a 
few hackneyed types. Not the least important parts of the book are the 
grouped examples, some from recognised examinations and others specially 
devised, which show what can be done by the venturesonie examiner. 

E. Q. B* 


Acoustic Msasuremsnts. By Leo L. Bsbahek;, S.D., D.Bo.(Hon)* 
[Pp. viii -f 914, with 519 figures.] (London: Chapman A Hau^ 
Ltd., 1949. 56«. net.) 

Da. Bebanek has compiled a most detailed volume on the methods of mafcbaij^ 
acoustic measurements. Ho describes the well-established techniques 
the reasons for their adoption and also gives details of more recent methc^# 
which are not yet fully established in the art. The bibliography is extrem^ 
comprehensive and will be of great use to research workers and oth^ 
wish to consider the subject in much greater detail; but enough 
is given to satisfy acousticians who need onlv auulv known teohniatfea hM 
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to do it intelligmtly without delving into the literature* The writing 
"'jt oouoise and luoid and the book is a valuablo work of reference. 

The book oommenoee with the fundamental theory underlying acoustic 
'measurements and then goes on to microplionea, measurements of frequency 
and acoustic impedance. In the next chapters complex waves are discussed 
^and methods and instruments for the measurement and analysis of them are 
described. Then follow chapters on the testing of communication systems 
jEmd their component parts such as amplifiers, microphones and loudspeakers. 
The final chapters are concerned with articulation testing, measurements of 
acoustical materials and the acoustics of auditoria and studios. 

The only criticism which might be made is that, although tlio author has 
discussed in several places the subjective aspects, ho does not omphewiso that 
acoustic measurements are valueless if the results do not agree with the 
subjective analysis of lisfrnors. 

T. S. 


Introduction to Statistical Mechanics. By R. W. Gurney. Inter¬ 
national Series in Pure and Applied Physics. [Pp. viii |- 268, with 
59 figures.] (Now York, Toronto, London : McGraw-Hill Book Co., 
Iixo., 1049. 30s. not.) 

In the preface of this book the author makes the comment that a widespread 
belief exists among students of physics and chemistry that statistical 
mechanics is necessarily abstruse and difficult. This book, ho remarks, has 
been written to show tliat such a point of view is mistaken. Tlioso comments 
underline the general trend of the book. The subject matter is roughly the 
same as in other elementary treatises; but it is examined in greater detail by 
simple qualitative arguments without much of the usual math(*matical 
apparatus. 

The first part of the book (Cha{is. T -VII) deals with the theory of what 
might be termed the “ Boltzmann assembly.” The macroscopic pro]K>rtkM 3 
of real systems are derived from a hypothetical assembly of slightly inter¬ 
acting systems, each system having a series of possible discrete energy levels. 
The author thus treats the quantum mechanical formulation as basic and the 
classical as derival»ive. This point of view has much to be said for it, although 
it is naturally the reverse of the historical development of the subjwt. In 
the first chapter it is shown in a very clear elementary way, with interesting 
numerical applications, how the usual distribution law follows naturally from 
the basic assumption of equal probability of discrete quantiun states. 

The subseqxiont chapters introduce the idea of temperature and examine 
simple systems, for example, gases and saturated vapours. Chap. VII gives 
l^yery readable account of liquid and solid solutions, including some hitherto 
unpublished work by the author on the alloys of iron. 

In Chap. VIII the more powerful method of the Gibbs ensemble is intro¬ 
duced. Later chapters give accounts of the theory of gases, specific lieats 
solids, chemical dissociation, elcx^trons in metals and other topics. 

Lika the author’s previous books, the present work is very carefully 
^mitten. But to a reader able to follow a more abstract approach, much of 
argument will seem tinneoessarily laboured and tedioua. Also in a book 
ot this kind> some account of the historical background would be very 
]dfisfrable> both for its own sake and as a guide for furthor reading. 

Booth* 
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The Pbysioi df Hi3)>ber Blastioity^ By L. R. G. TiBXMA^k ^ IXmio* 
graphs on tho Physios and Chemistry of Materials* ^ [Pp* viii «f 
with frontispieoe and 114 figures.] (Oxford : at the Clarendon PreaSi 
1949* 2ls, net.) 

A MAJOR development in the last two decades in the field of hi^ polymesi 
materials has been the expression of their meohanioal properties in struoturai, 
energetic and molecular terms. This has sucoessfiiUy invoked such a variet) 
of analytical and experimented techniques (so distinct from the classical elastii 
methods appropriate to the small strains of ordinaiy engineertiig materials' 
and is vital to such practical industries cus rubbers, fibres and textiles—quite 
apart from biology—that fittingly this fourth volume of these Oxford mono 
graplis covers much of this groimd. 

Dr. Treloar’s gifts of critical thinking and clear statement, together wit]; 
his wide experience of research in the rubber (and now rayon) field, havi! 
combined to produce an able and knowledgeable work, up-to-daw), exoellentlj 
illustrated, fully documented in its selected range and of wide and timel] 
appeal. Following introductory chapters on general physical properties o 
elastomers and the development of the general thermodynamlo formiiUs 
the simplified statistical theory of long chains and their networks is ouUinec 
and the broad extent to which experiment confirms them is detailed* Refine 
ments necessary in particular applications are then discussed, and the valun 
of optical, X-ray and thermal methods shown in meohanioal and phbto 
clastic pTojpGTty analysis and the nature and bearing of crystallisation. Thi 
final chapters deal with plasticity, dynamic properties and large eladtii 
deformations, shear and oomprossion as well as elongation. Asaumptib^u 
and approximations are clearly stated and practical difficulties in attainin| 
necessary equilibrium conditions stressed. 

One major criticism : doubtless of set purpose the author has conoefi 
trated on the statistical and kinetic approach in which chemical nature i 
subsidiary. One hopes that in a future edition he will put us further in hii 
debt by including more polar systems in which elastic deformations connote 
order-to-order as well as disorder-to-order processes, with energy not entropy 
the major factor. This touches intimately the muscle problem and bieJog^ 
systems. If rubber ” is to retain the general sense in which it is here used 
much in recent muscle symposia, and in fibrous protein studies morlh 
incorporation* 

I. MAOA&TttUH» 


Theory of Dielectrics;. By H. Fboklioh* Monographs on the Physio 
and Chemistry of Materials. [Pp. viii + 189, with 47 
(London : Oxford University Press, 1949. 18s. n4t.} 

Ter theory of dielectrics is one of those topics that stand on the border]|^ 
between classical and quantum mechanics, bridging the gap between mii^ 
scopic (i.6. atomic and molecular) and maorosoopic («.e. pr sM^ 

tical) phenomena. More recently, aS a result of improved technique th 
microwave region, it has acquired considerable ipsportanoe in the experunsiM^ 
study of high polymers, rubber, internal rotation in soUds and df^gree.>tO 
associatic^ m liquids. So much has happen^ smoe van Vtepk 1||4 

BUoiric and MagneHc SueceptUnlUUa or Debye his Pdfar Mdk0uie$ 
evidently the whole subject is in need of a rewriting that WPUtd i 
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on tho one hand recent analysia, such as that of the internal field due to 
Onaager and Kirkwood, with its bearing on the determination of static mole- 
pular dipole moments, and on the other hand the enormous development of 
iDebye's early analysis of dielectric loss. 

Prof. Frdhlich has attempted to do this rewriting. In a book of less 
than 200 pages some condensation is inevitable, atul he has quite wisely 
decided to accept without discussion the main ideas of quantum theory, suoh 
as stationary states and spin, and also some elementary statistical mechanics. 
The lay-out of tlie book is quite simple. After an initial short chapter 
devoted to macroscopic phenomena, the static theory of polar material is 
developed up to the stage where 8f>me quite general now theorems arc proved, 
which in principle (though not yot in practice) permit a complete description 
of the dielectric constant of simple media. This is followed by a chapter on 
peri^)dio phenomena, which are seen to bo so much more cfimplicuited than 
the static ones that relatively little fundamental progress has txjen ihade. 
It is, however, important to be sure tindor what conditions Debye’s famous 
equations of dieletric loss are valid ; failure to realise thesr^ conditions has 
led to some bad mistakes in the literature. The third, and final, part of the 
book is devoted to applications of tho theory. It is very interesting to see 
BO many of these together, and their elucidation is impressive. But it is 
nevertheless with a sense of sudden discontinuity that wo pass from the 
rather formal analysis of the first two main sections, where all detailed applica¬ 
tions have been so carefully eschewed that it reads like a mathematical text¬ 
book, to the experimental third section. The reviewer doubts whether many 
of the experimentalist readers for whom the book is designed, will have 
stayed tho course up to this stage. It may be true that “ the mathematical 
technique required only occasionally exceeds ocquaintanco with the calculus,** 
but the extremely careful, accurate and guarded dovolopmont of tho theory 
will certainly appear too severe for the biologists mentioned in tho preface, 
who, if they were prepared to go steadily through it, would certainly survive 
knowing much more of their subject and posst^ssing a healthy respect for it. 
The fact that a second printing has been required so soon after the first 
indicates that this timely book moots a genuine need. 

C. A. CouLsoN. 


Atomic Energy. Edited by J. L. CaAiiMEB and B. E. Peibbls, C.B.E., 
F.B.S. [Pp. 200, with 16 plates and 24 figures.] (Harmondsworth : 
Penguin Books, Ltd., 1950. Is. 6d. net.) 

Thxb book has grown from the decision, when tho re-issue of Science New 2 
booatne possible, not only to revise the existing material, but to enlarge the 
scope of the book by the introduction of new chapters on the growing con- 
^truotivo applications of nuclear energy and the techniques of nuclear physics. 
' The result is a popular but quite substantial textbook of nuclear physics by 
foremost masters of the subject. While the book as a whole has gained in 
stature, one may regret the detailed pre-eminence which still falls to tho bomb, 
ior there is little reason to suppose that the undoubted fascination of the 
^mabhmery of an atomic explosion is conducive to a balanced imderstanding 
of the impact of nuclear power release on human affairs. By any standard, 
hoifever, Atomic Energy is an outstanding aohievom^t. 

J. G. WiteON. 

So 
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Photoiiii and Elaoti^ons. By K. H. Sfring, M.So. Methuen*0 Motib^ 
graphs on Phyrsical Subjects. [Pp. viii 108, with 38 figureii*]^ 
(London: Methuen A Co., Ltd., 1950. 7s. 6d. net.) 

Thb development of machines for tho production of high energy electrons 
has renewed interest in the interaction of electromagnetic radiation with 
matter. The classical work dealing with such phenomena is Heitler*s Qiian* 
turn Theory of Badiation^ in which tho point of view is mainly theoretical^ 
cdthough valuable comparisons with experimental results are also made* 
Tho present little work, which is tho latest addition to the series of Methuen'a 
Monograplis on Physical Subjects, aims at presenting the results of the 
theoretical calculations and their comparison with experiment in a readily 
accessible form, without going into detail in the description either of the 
theoretical bases of the calculations or the experimental technique employed 
in the measurements. The author has sucooeded admirably in his aim and 
a stimulating monograph has resulted, which should be very useful indeed 
for the research worker, either theoretical or experimental, in this field and 
also for those with a less specialised mterest, who are anxious to get some 
idea of tho present position in radiation physics without going too far into 
toclmioal details. 

The choice of subject matter shows careful and intelligent discrimination 
and the physical ideas behind the theory ore well presented. After a chapter 
dealing with tho fimdamentals of radiation theory, successive chapters deal 
with tho photo-oloctnc effect, the Compton EifcK^t, radiation accompanying 
the passage of electrons through matter, tho production and annihilation 
positrons and cosmic-ray phenomena. 

The book does not discuss problems such as tho scattering of electrons 
by electrons and nuclei, nor are the implications of the recent refinements to 
radiation theory introduced by Tomonaga, Schwinger and Feynman, eto.» 
discussed, but nevertheless it forms a worthy addition to the many other 
excellent monographs already published in this series. 

B. H. S. B. 


Counting Tubes : Theory and Applications. By 8, C, CuiuuH» 
Ph.D., F.R.S.E., and J. D. Obaqgs, M.Sc., Ph.D. [Pp. xii 4- 238, 
with 119 figures.] (Londen: Buttorworth’s Soientifio Publioationis, 
1949. 35s, net.) 

This monograph is a welcome addition to the growing niunber of books on 
the subject. It consists of twelve chapters dealing with various aspOots 
and designs of electrical counting devices, and it contains many useful fact# 
and experimental hints which could only have been collected by workers 
actually engaged in this field over a considerable period. As the authors 
indicate in the preface, they have wisely concentrated on drawing attention 
to counter methods in tho hope that they will age loss quickly than the 
interpretation of the results.** Besides a description of ioifniation ohambeiW| 
proportional counters and Geiger counters, attention is devoted to new^ 
developments such as photomultipliers, scintillation counters, crystal oountem 
and spark counters. The subject matter is well arranged and the general. 
presentation could hardly be improved, Tho total number of referenoes 
varies from 20 to 60 per chapter and tho number of workers listed is aboy^^ 
350. Disapproval may be expressed on a few secondary mattem* The 
present treatment of references seems very capricious and it is aometfah^ 
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irritAting. For example, on p. 78 one.worker is named three times in sixteen 
ocxiseoutive words, while on p« 206 another worker is named seven times, all 
with reference to the same piece of work. On the other hand, other workers 
responsible for important developments are often referred to only as a number, 
except in the list of references. This is misleading, because the inference 
might well be that the importance to be attached to a piece of work was 
proportional to the emphasis placed on the name and, indeed, the authors 
frequently act os judges in this connection, describing work as important, 
elegant or admirable. Dedaite objection must be raised against the use of 
ambiguous adjectives like “ fine on p. 160, while “ state ** is to be pre¬ 
ferred to “ status ** on p. 187. The use of “ homogeneous ** on p, 163 is also 
misleading, since a search is being made for inhoitiogeneity of charge, wherecusi 
the word presumably refers to energy, although this is not obvious since the 
/?-rays are from Ra E. It seems hardly necessary to waste space on the 
theory of the Compton effect on p. 161 ; on the other hand, more attention 
might be devoted to presenting some of the diagrams of apparatus in bolder 
Line. 

F. C. Champion. 

Microwaves and Radar Electronics. By Ernbst C. Pollard and 
Julian M. Stubtbvant. [Pp. viii + 426, with 193 figures.! (Now 
York : John Wiley & Sons, Inc. ; London ; Chapman ic Hall, Ltd., 
1948. 30s. net.) 

This book provides an introduction to many of the radio techniques which, 
originally developed for radar, are now finding application in meuiy other 
fields, notably in physics and chemistry. Based primarily on the authors’ 
experience of radar work at the Radiation Laboratory, M.I.T., and of 
American post-war developments, the book may well be d<«cribod as a pocket 
edition of the M.I.T. 27-volumo series of textbooks. 

A very wide range of subjects is covered. The first half of the book deals 
with microwave techniques and devices, commencing with a guide to the 
theoretical treatment of the associated field problems and proctMxling to 
utilise this in the practical discussion of many microwave com])OTients under 
the chapter headings ; Coaxial Lines ; Waveguides and Cavities ; Production 
of Microwaves; Microwave Toohnicj[ue. Then follow four cliapters on 
toohniques for the |Hoduction, use and measmement of short p^ses. A 
chapter on servomechanisms and computers leads to the final four chapters 
devoted to descriptions of systems and applications of the techniques in the 
fields of radar, communications and finally in physical research. Threo short 
a|>pandioes (Fourier Integral, Stokes’ Theorem, Units) and adequate indexes 
coimlete the book. 

oondonaation of so much material into 400 pages lias been effected, 
quite admirably, by providing the introduction to the different branches of 
the art through discussion of well-selected representative topics. Salient 
features cure well treated and unnecessary detail has been eschewed. Practical 
CKmaiderations are emphasised, and practical numerical data are well in 
evidence. 

; This is no textbook provicUng a complete logical treatment, but is a guide 
for those who may have to use radar techniques and who neod an intro^ 
ditotory survey salient to give an intelligent understanding of the availabie 
tsehniqiiies and $ax indication of new fields of application. 
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An error on p. 91 was noted, where.the Hgure 2*405 should be replaced by 
1*841 in equation (4.1). 

The book is woll produced and the numerous illustrations combine with 
its readability to make it an attractive introduction to the subject for the 
engineering or physics student. 

N. Klsok. 

Aerials lor Centimetre Wavelengths. By D. W. Fky and F. K. 

Gowabd, Modem Radio Technique Series. [Pp. x -f- 172, with 
65 figures.] (Cambridge : at the University Press, 1950. 18«. net.) 

Wab-timbs research in radar led to many intorestmg developments, not least 
being the now approach to aerial det^ign made necessary by the introduction 
of centime!ric wavclengtlis. The authors of this book have performed a use* 
ful service in collecting together a groat deal of infomiation (mainly British) 
on this work, in which they thomsolvos played a considerable part at T.R.E. 

The first chapter discussi^ the reejuirements which must be met by radar 
aerial systems. Polaf diagram theory, one of the most interesting aspects 
of modem aerial design, is ireatixl in the next chapter. The physical signi* 
ficance of the mathematics is clearly brought out, and an illuminating com¬ 
parison of the Fourier and ** optical methods of beam shaping is given. A 
brief description of various typos of centime trie aerial follows, and the usual 
convenient distinction between primary and secondary radiators is explainod. 
Subsequent chapters discuss in detail the use of single ontl double curvature 
mirrors and lenses os secondary radiators, together with suitable “ line ** 
and “ point *’ source primary radiators. The basic prinoipU>s explained in 
the earlier chapters are applied to many different typos of aerial, and methods 
of producing narrow “ pencil ” beams and specially shaped (e,g, “ cosoo ’*) 
beams arc discussed. 

In on appendix, several onmi-directional, non-scanning aerials suitable 
for use at microwave frequencies aro described, and the optical terminology 
employed in the main text in dealing with the aberrations of lens and mirror 
systems is explainod. 

The illustrations include a considerable number of radiation patterns 
actually obtainod in practice on aerials designed by the various techniques 
desciibod. In this connection, however, it is unfortunate that the oosee 
patterns shown give little information about low-angle lobes. Such lobes 
ai'O a source of trouble in some applications. 

It is no doubt an oversight that the word ** gain does not appear in the 
index. 

The main concern of the book is with the theoretical and praoticid prin* 
oiples of design rather tlian with the provision of data, and in this respect 
the authors are to be oongratulated on having produced a readable and 
comprohensivo aooount. 

A. L. OXJIJJBK. 


Traziflormatlon Calculus and Electrical Transients. By 

roEO Goldman, Ph.P. [Pp. xiv -f 439, with 185 figures.] (New 
York: Prentice-Hall, Inc.; London Constable A Ck>., Ltd., 1949. 
SQs. net.) 

Tuxb is an excellent textbook. Intended for graduate students in electrical 
engineering or applied mathematics, its main purpose is to show how the 
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transient currents oooiuring in disturbed oloctrio circuits and transmission 
lines may be calculated by first applying the Laplace Transformation to the 
appropriate ordinary or partial differential equations, and then applying the 
inverse transformation. The topics covered include the Expansion Theorem, 
the Inversion Theorem and the associated use of residue theory, the Super* 
position and Convolution Integrals, the step function, impulse functions of 
multiple order, asymptotic solutions and Nyquist’s stability criterion. The 
relations of replace transforms to Fourier transforms and to Heaviside’s 
operational methods are clearly exhibited. 

In addition, there are chapters on mathtmatical topics needed as a back¬ 
ground. Thus there are chapters on Determinants, on Functions of a Com¬ 
plex Variable, on Loci of Complex Functions, and on Gamma, Error and Bessel 
functions. Some of the results given are proved, others quotiHl, footnote 
references biding supplie<i. VVliere a proof lacks rigour, tliis fact is nearly 
always mode clear and discussed. Further background material is supplied 
by an excellent chapter on electric circuits, in which all the necessary basic 
concepts and mathematical formulations are carefully recalled, some welcome 
sections on phase-attenuation relations and an ai)peiidix on Transmission 
Line steady-state thc'ory. If the book ha<l consisted merely of those cited 
items, it would hav<^ constituted a very valuable reference book for any 
electrical engineering student. 

The book is only an introduction to its subject (being, for example, loss 
advanced than the well-known works of Carslaw and Jaeger, or McLochlan), 
but €18 such it couUl hardly be bettered. On reading it, one realises that the 
writer is, here, essontially a teacher. The general exposition is very lucid 
and thorough, evory step b(*ing carefully explained. Further, the author 
spares no pains in explaining or commenting upon points of importance or 
interest to students, which a less conscientious writer might easily have 
ignored. 

Numerous illustrative examples, mostly electrical and of intriasic interest, 
complete a book which it is a pleasure to read. 

A. Talbot. 


CHEMISTRY 

Boron Trifluoride and its Derivatives. By H. S. Booth and D. R. 
Mahtin. [Pp. X -f 315, with 40 figures.] (New York : Jolm Wiley 
& Sons, Inc. ; London ; Chapman & Hall, Ltd., 1949. 40^. not.) 

Boron trifiuoride is indeed a versatile compound but its activities are 
adequately covered by this monograph, which surveys the literature up to 
Januajry 1948, with one or two subsequent papers. This however is only to 
be expected when, as is stated in the preface. Chemical Ahstracle has been 
scanned x)age by page. The advcuitc^ of this coverage is somewhat modified 
because, as a result, the book is non*critioal and too much like a catalogue. 
Thus there is no discussion as to what extent the complexes reported to be 
lormed by boron trifiuoride and the inert gases may bio regard^ as ’’ com¬ 
pounds.” Again, many low temporaturo-composition diagrams for binary 
systems are given, but there is no discussion of the extent to which absence 
of compound formation may be inferred from thermal analysis; the main 
Ibatures of the experimental technique used for the oonsiruction of such low 
iemperature-oomposition diagrams might well have been included. 
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Some minor defects noted are : nso of the sign * for multiplication (p. 1ft) 
although the sign x is also employed (p. 54), *' decreases ** is given for 
“ risers (p. 146, line 17), tetra-n-butylammoniumtriphenyMuobora^ should 
be in the singular (p. 167), whilst the use of the “ acid-base *’ terminology 
of G. N, Lewis (p. 166) is to be deplored since if boron triHuoride is an acid 
then argon (p. 41) is a base ! 

The monograph will greatly facilitate investigations in the field by 
eliminating the laborious task of ploughing through abstracts of the litera¬ 
ture ; and the co-operation of several American industrial organisations, in 
placing at the authors' disposal material contained in patents and un¬ 
published work from their own laboratories, has added considerably to the 
value of the book. The lewt two chapters dealing with methods of handling 
and analysis are extremely useful, whilst the detailed method for analysis of 
fluoborio acid (p. 233) has been develoj)e<l by a comjmny and is not available 
in the literature. The book should surely find a place in every reference 
library. 

C. W. Shopfbk. 


Introduction to Hadiocliemiatry. By Gerhart FuTSDnAKDKR and 
Joseph W. Kennedy. (Pp. xiv -f 412, with 41 figures.] (New 
York : John Wiley & Sons, Inc.; London ; Chapman & Hall, Ltd.,, 
1949. 40a. net.) 

The use of rodiooloments as “ indicators " or “ tracers ** has been introduced 
into himdreds of soientific, technological and biological laboratories. The 
principle of the method is simple and generally known and the active material, 
not so hmg ago difficult to procure, is now easily obtainable ; if, nevertheless, 
many research workers who could benefit from this new and powerful method 
are still slow in adopting it the reason frequently is that it demands aquaint- 
ance with scientific €uid technical details which are not contained in the 
standard textbooks of physics and chemistry. 

The best way to acquire this necessary knowledge is participation in an 
instruction course si)ooially designed for the piuposo. The two authors of 
the book liave been giving such courses for several years and are now present¬ 
ing the essence of their teaching in print. Their book gives much more than 
the title indicates. Convinced that an intelligent use of radioactive tracers 
reqiuros sound knowledge also of the physical side of the subject, they devote 
several chapters to such topics as Nuclear Stnictiu^, Energetics of Nuclear 
Reactions, Sources of Bombeurding Particles and the description of Measuring 
Instruments. Even the historical development of the subject is not neglected. 
(Tl>ere is a alight inaccuracy in the description of the discovery of isotopes 
of the non-radioactive elements : J. J. Thomson's and Aston’s observations 
originated from experiments with “ rays of positive electricity ” which welte 
undertaken independently of the simultaneous developments in radio* 
chemistry.) 

A very us^^ful chapter deals with the statistioed character of radioactive 
disintegration, which in Schweidler s day was only of theoreticed importemoe, 
but now, after the development of methods for the detection of single (Us* 
integrations, has become of great practical significance for radioactive 
measurements. At the end of eewsh section of the book a number of varied 
exorcises and a list of rc^ferenoes for fiirtlier reading are to be found f 
appendix contains a complete list of all nuclides known up to Februaiy 
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followed by a table of nuclear croae-sootions for activation by thermal 
imitroDBf and one of physical constants and conversion factors. 

The book is obviously the fruit of years of specialised experience 6uid will 
be welcomed by all who have to conduct similar courses ; they will be able 
to recommend to their students an up-to-date textbook for use during the 
practical instruction. However^ the book will appeal to a much wider circle 
of readers, for in spite of its moderate siso and modest title it is quite compre¬ 
hensive. It will be foimd invaluable not only by students but also by research 
workers in radiochemistry and allied holds. 

F. A. Panbtth. 


Frontiers in Colloid Chemistry. Edited by K. E. Bukk and O. 
Grummitt. Frcmtiora in Chemistry, Vol. Vm. [Pp* x -f- 157, with 
64 figures.] (Now VTork and London : IntorHoionco Publishers, Inc., 
1950. 32«. not.) 

Tbxs volume, the last of the series “ Frontiers in Chemistry *’ published 
from lectures given annually at Western Reserve University, U.S.A., is based 
upon six lectures delivered in 1946 by five different contributors. In a rapidly 
expanding subject it would seem a matter for regret that five years should 
elapse before publication. However, some effort has been made to bring 
the subject matter up to date (e.g, chapter on Adsorption) and the book is 
therefore of considerable value now. 

In common with most collaborative works, it would appear tliat the 
different contributors do not have quite the same typo of reader in mind. 
H. S. Taylor's excellent chapter on tlio role of Ailsorption in Colloid Science 
gives a general account of adsorption phenomena, leading from simple models 
and Langmuir's treatment to the more complex modern on heterogeneity 
of surfaces. Difficult mathematical derivations are omitted, though impor¬ 
tant results and their physical implications are considorod. H. H. Strain 
contributes a detailed, non-mathernatical aocoimt of chromatographic 
Adsorption Ana] 3 rsi 8 , but certain portions lack precision of argument and 
statement. R. J. Myers’s chapter on Ion Exchange with special reference 
to Synthetic Resins is a very complete, clear presentation of a now and 
important field. In the short chapter on So<limontation, V. R. Daverell 
reviews some of the leHser-known and unusual aspects of sedimonUvtion, 
and, omitting as it does the more established work, this oliapter is suitable 
only for the exports in the field. J . W. McBain, in two chapters on Colloidal 
Electrolytes and Organisation of Crystals and Micelles of Soap respectively, 
covers those subjects very generally from first principles. These treatments 
are very much from the author's personal viewpoint, which is not shared by 
some active workers in the field. 

The book is well produced and each chapter provides a useful bibliography. 
At two-thirds of the published price the reviewer's recommendation would 
have been strong. 

PAiiBY Johnson. 

Datoraoation and Flow. By M. Rbinbb, Dr. Teohn. [Pp. xx 4- 346, 
^ with 94 figures, inoludii^ 2 plates.] (London : H. K. Lewis So Co., 
Ltd., 1949. S2s. ed. not.) 

Taai desire for an exact knowledge and understanding of the mechanical 
behaviour of the wide variety of industrial materials in common use today 
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has given a new impetus to the study of rheology, and the present book by 
so eminent an authonty is a particxilarly useful tool for investigators working 
in matorials-testing laboratories. Although the author calls it an elementary 
introduction to theoretical rheology, it is elementary only in the sense that 
the mathematical treatmont is by vector analysis and the use of tensors has 
been avoided. In many respects this is on advantage, in that the argument 
can bo followed by those who are not necessarily mathemaf ioians. Although 
the book is theoretical, numerical examples are given of the application of 
theory to such problems as viscosity, picustio flow, strain hardening and creep. 

The whole field of rheology has b^n surveyed from the point of view of 
the classical i>hysicist; the molecular make-up of matter has not boon con¬ 
sidered except where moloculos can be treated as ordinary bodies of small 
dimensions. Rheology is a complicated subject and few Tnaterials have simple 
rheological properties. The author has followed a logical and systematic 
approach, dealing first with flow properties of liquids and solids, then with 
elastic propiTties and volume flow. Ho has had the advantage of intimate 
contact with many of the rhcologists who have made substantial contributions 
to the advancement of the science and the book is of particular interest in 
givmg reference to those who hav«' established well-known laws but whose 
names are seldom quoted, such as Hagen and Margules, The aim of the 
science of rheology is to express the mechanical behaviour of materials in 
terms of fundamentals. It is the exception, however, for a material to 
possess only one simple fundamental property ; it may show both solid and 
liquid behaviour according to the test conditions. Creep of concrete, for 
example, is a matter of considerable practical importance and it may come as 
a surprise to many to learn that, as shown by Glanvillo and Thomas, if it has 
a yield stress its value is negligible and that for practical purposes the creep 
is proportional to the applied stress. This is a characteristic property of 
viscous flow. Remer’s approach is to define a number of ideal typos of 
siniplo rheological behaviour of any actual substcmce. These ideal types 
include the Hookean Solid, the Newtonian Liquid, the Kelvin Solid, the 
Maxwell Liquid, the St. Venant Body, the Bingham Body. This terminology, 
together with the systematised notation used m the mathematical arguments, 
is much to ho commended. It is all the more surprising therefore to find 
in such a logical system the expression “ Generalised Newtonian Liquid ** 
used for a liquid that is “ Non-Newtonian.” 

Special reference has been mode to the phenomenon of volume-fiow ” 
and its explanation in terms of void content of the material. The subject 
has a close becunng on the measuromont of strength and possibly on tlie 
difference between strengths calculated from atomic forces and strengths 
actually measured. 

An exact knowledge of the stresses operating within a material is necessary 
for the calculation of any fundamental rheological property. Kenner deals 
with this subject of stress analysis in detail and most of his arguments can 
bo followed without diffiotilty, although his condensed style requires conoen* 
trated attention. One may ask tberefore why ho does not deal with the 
apparent anomaly arising from the two methods of approach to the tensile 
test for measuring flow properties. By the methods of tensor analysip the 
elective shear 811*088 in the material is one-third of the tensile stress, whereas 
by the Mohr circle analysis the maximum shear stress on the 45-dogre6 {^lans 
is one-half the tensile stress. 

It is clear that rlieology today is essentially a practical subject, the theoqr 
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of which is still ever trying to catch up with the newly discovered behaviour 
of real matter. The book is well sot up and each chapter is clarified by a 
summary of its findings. 

A. H. Lejc. 


Physical Methods of Organic Chemistry. Technique of Orgsunio 
Chemistry, Vol. I. bc'cond completely revisod an<l augmented 
edition. Editor ; Aknold Weissiieuoer. Part 1 |pp. xii 4- 1-1072, 
with 396 figurosl. Part 2 [pp. xii -f 1073-2090, with 356 figures]. 
(New York and London : Interscience Publishers, Inc., 1949. 100s. 

not each part.) 

This comprehonsivo treatise on the physical methods of organic chemistry 
is the second edition of a work which was first published some five years ago 
and is designed to provide authoritative accounts Of tho numerous physical 
methods necessary in present-day organic chemical research work. In 
addition to the experimental treatment, tho book sets out to give tho 
theoretical background of tho various methods and sufficient information to 
enable tho chemist to make a critical evaluation of his experimental results. 
The first edition however was ojxjn to tho criticism that it varied considerably 
in tho thoroughness with which tho various subjects were treat^Hi, a fault 
which was almost inevitable in a large book where nearly ovtsry chapter 
was written by a different author. Such defoois as there were largely have 
been overcome in tho present work, which has boon enlarged by the addition 
of five now chapters (on temperature measurement, temperature control, 
determinations of vapour pressure, determinations with tho ultracontrifuge 
and electrophoresis) and by the substantial f'nlargi*mont of several of the 
Other chapters (e.gr. addition of sections on electron microscopy, nephelomotry 
and tho determination and evaluation of light scattori.ig). Six other chapters 
have been entirely rewritten and tho remainder revised so tliat the whole 
work now presents a more balanced treatment of tho subject. The volumes 
arc a contribution of tho first order to the scientific literature ; in tho space 
of over 2000 pages, the 31 chapters deal with tho whole range of physical 
methods from every aspect, and indeed tho thoorotioal and experimental 
treatment of the various methods would each form on authoritative survey. 
The important sections on the interpretations of spectra, polarography and 
X-ray diffraction data are still too brief to be of substantial value to tho 
organic chemist and rather inadequate reference is given hero to more 
authoritative works. 

Apart from the now chapters already mentioned there are accounts of 
determinations of molting and freezing temperatures, boiling and conden¬ 
sation temperatures, density, solubility, viscosity, siufaoe and interfaoial 
tension, paraohor, properties of monolayers and duplex films, osmotic pres¬ 
sure, diffusivity, calorimetry, microscopy, crystallochomioal analysis, X-ray 
diffraction, electron diffraction, refractometry, spectroscopy and spectro¬ 
photometry, colorimetry, photometric analysis, fluorimetry and turbidimetry, 
polorimetry, dipole moments, cond\ictometry, potentiometry, polarography, 
magnetic susceptibility, radioactivity and mass spectrometry. 

Tho books are very well illustrate throughout with innumerable clecudy 
presented diagrams of apparatus as well as many graphical illustrations pf 
physical properties, and experimental results. The mathematical treatmeni 
is act exooBsive and here again the point of clarity of presentation must be 
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mado. Being an American production it is understandable that most ot the 
spooialised apparatus described is obtainable only from American firms and 
there is Utile mention of the British market. It is difficult to overestimate the 
importance of these volumes and no chemical research library can afford to 
be without them. 

A. W. Johksok. 

Advances in Protein Chemistry. VoL V. Edited by M. L. Aksok 
and John T. Edsaix. [Pp. x 4* 481, with 35 figures.] (New York i 
Academic Press, Ino., 1949. $7.50.) 

This series maintains its high standard, and the diversity of aubjeota covered 
by the present volume is such that few whose interests are directed to proteins 
will fail to find something to attract. One general oritioism, perhaps worthy 
of mention, is the delay of nearly two years (as indioated by several footnotes) 
between writing and publication. Tliough this does not greatly del^ract 
from the value of articles covering many years* work, it is a considerable 
handica£> in other fields whore developments are rapid. The increasing use 
of addenda seems to be hardly a satisfactory solution for an annual 
publication and the reduction of this lag should be possible. 

The practical importance of proteins is stresseil more this year than in 
earlier volumes, nutritional value, tanning and protein fibres behig included 
among the subjects reviewed. J. B. Allison, in discussing the evaluation of 
proteins in nutrition, brings out the difficulties inherent in methods based 
on nitrogen balance, growth, tissue regeneration and amino acid analysis. 
H. P. Lundgren writes of synthetic protein fibres and the physical and 
chemical studies of protein structure which have made their production 
possible. This comparatively recent development in textiles is already of 
importance and its extension may in turn contribute to the understanding of 
natural fibrous systems. Different aspects of fibrous proteins are disoussed 
in K. H. Gustavson’s article on tanning and the theoretical basis, for the 
action of the principed temning agents on hides, is reviewed. 

The chapter on milk proteins is confineil to a discussion of the ph3n9ioal 
and oliomical properties of the individual proteins, no attempt being mcide to 
relate them to each other. Muscle is one of the few protein systems in which 
this type of integration has bc^n attempted, but an explanation of the relative 
pro|x>rtion and structural variation of proteins in comparatively inert mix¬ 
tures, such as milk, must one day be sought. A more heterogeneous ooUection 
of proteins, those from plants, has been considered by J. W. L. Lugg, tyho 
lias placed a wide interpretation on the title, and has included the metabolism 
as well as the chemistry of these compounds. The breadth ef treatment adds 
considerably to the interest of this chapter. 

Perhaps of greatest attraction to the chemist are the comprehensive 
cliapters on peptide synthesis by J. S. Funton and on amino aqid composition 
of proteins by G. R. Tristram. Interest in the former subject has been greatly 
stimulated by the discovery of increasing numbers of biologically active pep* 
tides, and the present review is both adequate and timely. The usefiibross 
of Dr. Tristram’s article is greatly increased by the inclusion of many tables 
in which all the satisfactory analytic^ data available at the time of writing 
have boon oolleotod and presented in a most clear and accessible form. 

The last and shortest article by A. Claude places the protein oonstittieats 
of cells in relation to the other major constituents and to the whole as a livhi$ 
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tu^t* This approach is in contrast to the rest of the voltime and it is to be 
hoped that such functional studies will come into greater prominenoo as 
improving techniques facilitate tlioir development. 

R. R. P, 

Advances in Food Research. Vol, II. Edited by E. M. Mrak and 
Obokqjc P. Stewakt. [Pp. xiV 4- 568, with 139 figures.] (New 
York : Acadoinic Press, Inc., 1949. 66/#, 6d. not.) 

This volume maintains a high standard throughout, presenting reviews of 
fundamental and applied research on nine subjects of widely tlififering nature, 
but all relevant to the food in<lustry. The numerous roferonces following 
€>ach section contain a proportion derived from other than United States 
sotirces. In general, the rtwiews have a value above that of a mere collection 
of abstracts, are intorestiug to read and are stimulating of further thought. 

Zon-exchange includos a valuable section on laboratory applications, in 
addition to a description of ion-oxohango materials, of the theory underlying 
their use and of practical examples of their application to the removal of 
ionisable material in food prociossing. Thermoimcteriology designates the 
study, in the widest sense, of the oflbct of heat on bacteria. The matho« 
matical prixiciples used in evaluating thermal processes and tho difficulties 
involved in the determination of thermal death time are fully discussed. 
Quartemary ammonium compo^iiids &ro well documentotl, but the value of 
the review would have boon greater if the author had applied a more critical 
judgment and had included an acooimt of tho less favourable reports on these 
compounds. A sxirprising omission is any reference to tho work of McCulloch 
et al. (Atner, J. Pub, HeaUh,, 38, 4, 493, 1948), with its convincing explanation 
of the mechaiiism of roaction, accounting for many iiiconsisbaides in reported 
work. Phartnacology of DDT contains a detailed summary of imblished work 
on the acute toxicity of DDT and some information on its chronic toxicity 
and its p6U;«age via herbage and ruminants into food products. 

Analyeto of foods by sensory difference testa reviews the limitations, the 
application and the development of standardised tasting tests. The chemistry 
of fruit and vegetable flavours, although restricted in its value by tho paucity 
of available information, is a balanced survey of the known facts : tho 
omission of vanilla is, however, surprising, as it is tho most popular of tho 
fruit flavourings. Histological changes induced in fruits and vegetables by 
processing is a well-illustrated, valuable and unusual fundamental treatment 
of the effect of processing on living cells. With tho exception that the work 
of M. Frioss is omitted, the bibliography is very full. Spoilage of fish and its 
preservation by freezing treats comprehensively tho bacteriology of fresh and 
of spoiling fish, tlie biochemistry of spoilage, the estiiiu&tion of fish quality 
and its practical control. Spray drying of foods covers in detail tho design 
of equipment and the engineering involved, both from the theoretical and 
the practical aspect. 

From the staff of the Jjaboratories of J. Lyons & CJo., Ltd, 

OhoKOical Constitution and Properties ol Engineering Materials. 
By P. 0. Carman, M.So.(N.Z.), Ph.D.(Lond.). [Pp. xii + 894, with 236 
ffguree.] (London : Edward Arnold & Co., 1949. bOa. net.) 

Many attempts have been made to cover the chemical aspects of construe- 
tional materialB, but the subject is so intricate and detail^ that they have 
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either been of an elementary and introduotory nature or else a oollection of 
large and undjgested bibliographies. The former have little praotical value 
and the latter mean considerable research into the literature before much use 
can be mcide of them. 

The author has brought a mathematical mind to boar upon this tangled 
mass of facts and has tried to classify them in some logical manner. His 
main stress is therefore on the subjects of crystal structure* strength of 
matorials, phase rule representation* of binary alloys* electro^chemicaj 
corrosion theory, the siruoture of silicate materials and the properties of high 
polymers. 

Against this background are detailed the properties of carbon and alloy 
steels* cast irons* non-ferrous metals, clays and ceramics, refractories* oements 
and glasses* resins* rubber, cellulose and protein derivatives. The book also^^ 
contains chapters on solid, liquid and gaseous fuels and water treatment 
Each chapter is followed by a selection of some 20-60 references, which 
bo followed up by tliose wanting more information. 

The author lias spread his canvas wide and has filled it in with gre^t detai^ 
with a result that it must only be road in small doses. It is in this respect 
that perhaps the text could be improved by more emphasis on the funda*> 
mental points, and deletion of material which is not required for subsequent 
use m the book or which is already more fully dealt with m a textbook on 
that subject where the need for condensation is not so pressing. 

Both the author and the publishers are to be congratulated on producing 
a book which should find wide use in the world amongst chemical engineers 
and those whoso work reqmi*es an ultimate knowledge of the chemical be¬ 
haviour of materials of construction. 

M. B. Donald. 

Metal Finishing Handbook. By P. A. Cabtwbigbt, A.M.G.I., M.I.E.I.* 
L.l.M. [Pp. XU + 216, with frontispiece and 32 figures.] (London 
and Glasgow : Blaokie & Son* Ltd., 1960. 16«, net.) 

ALTBOtJOK it can trace its descent from Faraday* much of tho electroplating 
industry, with which this book is chiefly ooncemed* is operated as a craft 
rather than a science. It is true that scientists control the modem installa¬ 
tions for electroplating components on a mass-production basis* but the small 
jobbing plating shops - which are legion—depend more upon the skill of the 
plater than on any soiontifio control. In recent years attempts have been 
made to rectify this state of affairs by providing courses in eloctrodeposition^ 
so that young men in the industry can learn the scientific principles upon 
which their industry is based an<i apply thorn in their daily work. Such 
students will inevitably lie attracted to tho volume under review. It is 
published by a reputable firm ; its layout* printing and illustrations create a 
favourable impression, and last, but probably not least* the price is reasonable 
judged by present standards. It is, nevertheless* most important that this 
book should not come into tho possession of students* for it contains far too 
many errors and is much too likely t<5 lecid inexperienced platers astray. 

Some of the errors may be just slips overlooked in proof correcting* as^ 
for examjile, the statement on p. 20 that ferrous sulphate is used in the 
pickling of steel* but there is no excuse for mistakes in reporting informatiOa 
taken from British Standards. A notable example of the latter type of 
error is provided by the descriptions given on pp. 160 and 168 of the 
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jet test of deposit thickness. Not only is the method of performing the test 
wrongly described, but the soUiiion given on p. 160 would not work with 
coatings of four of tho five metals for which it is said to bo satisfactory. 
Indeed, tlxis particular method is not advocated for chromium at all, although 
the author appears to think otherwise. 

In many respects tho author appears to be out of touch with modem 
plating practice. Thus on p. 17, no refort*nce is made to the phosphate, 
metasilicate and emulsion-type cleaners, and tho method for plating alu¬ 
minium given on p. 90 has bi^on largely su}wraedod by tho sincato process, to 
which only passing rtsforenco is made. Nickel plating is an important branch 
of metal finishing and tho reader could reasonably expect to find in this 
handbook precise information which would enable him to produce either 
bright or dull nickel coatings. 'J'ho general principles of bright nickel plating 
are discussed in a woolly and inaccurate fashion on p. 63, but no bath com¬ 
position is given. For dull nickel plating, on the other hand, no fewer than 
seventeen compositions ai*o given, most of which are likely to have similar 
characteristics. In view of this it is not surprising that tho author gives no 
information as to tho conditions under which the individual baths are to bo 
preferred, but the reader may well feel bewildered. 

Numerous other examples of errors and defects could be quoted, but those 
given are probably sufficient to indicate* the unsatisfactory nature of this 
book. 

A. G. Quarreix. 


BOTAJnr AND AGRICULTURE 

Anatomy of the Dicotyledons. Leaves, Stem and Wood in 
relation to Taxonomy, with Notes on Economic Uses. 
Vols, I and II. By C. R. MicitJAiJrB, M.A., Ph.D., and L. Chalk, 
M.A., D.Phih, with the assistance of M. M. Chattaway, C. L. Hare 
F. R. Richardson, E. M. Slatteb. [Pp. Ixiv -f 1600, with 5 
plates and 317 figures.] (Oxford: at tho Clart'ndon Press, 1950 
net.) 

It was in the early eighties of the last century that Radlkofor, who togetl 
with Vesquo wew mainly instrumental in demonstrating the ailvantages 
be derived from the use of anatomical characters m tho clas.siflcation 
fiowering plants, made the pronouncement that “the next Inmdred yei 
will bo devoted to the anatomical method.** Even though this prophe 
has not been entirely fulfilled, there can be no doubt that, in the sixty-o 
years that have olap^ since then, taxonomists the world over have acoepi 
the fact that anatomical features may play an all-important part in 1 
determination of sterile material and that they may commonly be deoisi 
in elucidating afiinities where tho external vegetative and fioral featu 
alone do not suffice. The impressive work by Metcalfe and Chalk, U 
forms the subject of this review, is indoed the ^t testimony to the imp 
tanoe attached to the study of plant anatomy on a taxonomic basis. Api 
from its great value from the purely systematic point of view, its praoti 
applications in relation to modicinal and other plants in ooonomic use, 
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The greatei* part, occupying upwards of 1300 pages, of the two volumes 
is devoted to the detailed description of the anatomical features presented 
by the families of Dicotyledons, and for this the reviewer has little other than 
whole-hearted praise. The general arrangement follows closely that of 
Soloreder’s SyatemeUie Anatomy of Dicolyledona (1008), from which indeed 
some of the matter and part of the illustrations are derived, but those who 
are familiar with the extensive collections of sections lodged at Kew and at 
the Imperial Forestry Institute, Oxford, will realise how much new effort on 
the part of the authors has gone into the preparation of this work. There 
are many additional full-page illustrations, comprismg in particular diagrams 
of stem and petiole structure. The use of special type to pick out the various 
structural featiuros in leaf and axis affords a book that is consulted with ease* 
The presentation is more balanced than in Soleroder’s book, since minor 
details of doubtful importance have been omitted and diverse features, such 
as petiole structure, receive more attention. A good deal of space might 
have been saved, and the cost of the work lessened, by a Judicious use of 
abbreviations. 

A preliminary summary of the more important anatomical characteristics 
of a family is, as in the old Soleredor, iisually followed by detailed descriptions 
of the features of leaf and axis. Innovations are constituted by an additicnal 
section containing a discussion of the bearing of the special anatomical 
characteristics of the family on its classifioation and affinities, and one dealing 
with economic uses as far as the vegetative organs are concerned. In the 
description of the axis ** young stem ” and “ wood ” are dealt with separ¬ 
ately, but the distinction is somewhat elusive, as there is no clear definition 
as to what is understood by yoimg stem; in the case of arboreal plants the 
data probably for the most part refer to twigs. The details given undeie^ 
wood, which are provided by the soooncl author, supplemented by data 
collected by Chattaway for tlio genera in the Yale collection, appear mainly, 
if not entirely, to bo based on studies of timber. The inclusion of the^ 
data constitutes a most valuable addition to the scope of the book and repre¬ 
sents the outcome of many years of laborious investigation, but it is perhaps 
open to question whether they should not have been published in a separate 
work. 8omo thirty pages at the end are devoted to an enumeration of the 
families m which the principal anatomical cliaracteristics of leaf and atm 
are to bo found. One feels tliat some form of key might have been more 
helpful to those using the book. The bibliography, with 2612 roferesioes, 
includes a considerable number of papers that refer to general rather than 
to systematic anatomy. 

Tlie authors state in their preface that their object hag been to emt^iagige 
the taxonomic and phylogenetic value of histology, although it is hoped tliat 
tho book Will be useful also to those interested in other aspects of the anatomy 
of Dicotyledons. Of its great use as a work of reference there can be fio 
doubt, but it will hardly satisfy the needs of the student of comparative 
anatomy. For this, tho general account at the beginning is ail too briat^ 
and the details of developmental anatomy all too scanty. The introduotoiy 
section might well indeed have been expanded to afford more guiditnoe to 
the novice by more descriptive detail of the features involved in the study 
of systematic anatomy. This applies, for example, to the oonsideratioo 
secretory elements and of anomalies in the vasculcur atruoture of the aadfb 
while the references to types of vessel pitting cm p* xlvi will soaroely hp 
oomprohonsible to anyone not rather fiiUy omiversant with wood anatomyf 
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In this coimeotion a glossary explaining the numerous terms tliat are neoes- 
sarily employed, with references to illustrations, would have been very 
valuable. One misses in the introduction a consideration of the x>os8lble 
importance of vascular organisation in the herbaceous plant suggested by the 
work of Dormer on Loguminosee. The section on * ‘ Anatomy and Phylogeny * * 
contains a valuable exposition of the phylogenetic evidence to be gloaned from 
wood anatomy, but some of the other matter in this section might have been 
curtailed. It is difficult to get away from the feeling that an attempt has 
been made to make the book serve too many purposes. The occasional 
references to ecological anatom 3 ', which are to be met with in the course of 
the work, would better have been assemblod collectively in the introductory 
section than inserted rather promincuously among tho other matter. For 
instance, it is strange to read on p. 148r imder Caryophyllacoas that “ the 
amoimt and distribution of palisade tissue sometimes varies within a species 
according to the nature of the illumination,*' when such a remark could bo 
applied to the representatives of many other families. 

The various criticisms tliat have b<H?n made in the course of this review 
do not detract from the great contribution made by Metcalfe’s and Chalk’s 
work to our knowledge of the anatomy of flowering plants. Tho work is 
one that will be welcomed by and prove to be indispensable to all who are 
interested in plant structure. 

F. E. Farrsci 


Plant Pathology. By Sm Edwik J. Butler, C.I.E., D.Sc., 

M.B., LL.D., F.R.S., and S. G. Jones, D.Sc. [Pp. xii 4- 979, with 
435 figures.] (London : Macmillan & Co., Ltd., 1949. 03^. not.) 

It was known before the last war that Sir Edwin Butlor was engaged, in 
collaboration with Dr. S. G. Jones, on a revision of his book Fungi and Disease 
tn PUmis, published in Calcutta in 1918. Because of his heavy official duties. 
Sir Edwin agreed to re-write only the section on general principles, Dr. Jones 
undertaking the section on selected diseases, in which—on this occasion— 
diseases of British crops were to bo substituted for the tropical diHoasos dealt 
with in tho earlier book. The present book, therefore, is a completely new 
work, retaining only tho well-proved ground plan of its predecessor. Owing 
to the death of Sir Edwin in 1943 it has fallen to Dr. Jones to pilot the book 
through tho press. 

As was perhaps to bo expected from so long a delay in publiciitioii, there 
were some who prophesied that the book would be out of date b^^fore it 
appeared. Certainly there is no reference to some of tho most rocent advances 
in knowledge, but this is a relatively minor matter in a book of this type. 
The bodk is essentially a textbook of plant pathology, designed to set befoio 
the student the established principles of his subject, together with descrip- 
tiicms of specific diseases, intended partly to illustrate the principles, and 
partly to give tho student the necessary groundwork for a study of the 
tnaln plant diseases he may encounter in agriculture, horticulture and 
forestry. 

There is no doubt that there was a real need for a book of this type in 
the teaching of plant pathology in universities. The discussion of principles 
iK^paratoly from diseases has many advantages for the student, and such 
general subjects as host-parasite relations, morbid anatomy and histology, 



784 ' SOIBKCB PBOGBESS 

Bfkd the prinotples of the control of plcuxt disease are dealt with better in 
this book than in any other English-language text. The descriptions of 
Bpeoido diseases ore very full and include a review of all the important litera* 
ture until about 1945. For university work here the book has the added 
advantage of dealing with a number of diseases that are important in Europe, 
but that are often omitted from American texts. The new book will there* 
fore be warmly welcomed by plant pathologists in Britain. Occupying 
nearly 1000 pages its price is high for most students, but it is very well pro¬ 
duced and illustrated by good photographs and many detailed line drawings 
by Dr. Jones. 

While giving an unreserved welcome to the book as meeting a long-felt 
want, one cannot help feeling that it marks the end of an ora—oertainly a 
very productive era—^rather than the beginning of a new one. The reason 
for this is that, although the book contains cha{>tors on virus diseases and 
dchcioncy diseases, it is essentially mycological in its outlook. Until some 
twenty years ago practically all plant pathologists wore mycologists, and 
admirable work was done in the laboratory and in the dold in working out 
the life liistories of the fungi causing plant disease. It was probably L. R. 
Jones of Wisconsin who did more than anyone else to initiate a now phase—- 
the experimental study of the effect of imvironmontal conditions on host* 
parasite relationships. Since then have grown up the spooialisod schools 
studying virus diseases, deficiency diseases, fimgicides, etc. Most of this ia 
well and faithfully recorded in the now Butler and Jones, but often as if seen 
through the eyes of a mycologist. A more dynamic view of plant pathology 
is to bo obtained from a much smaller recent book—Bawden*s Pi^tU 
Diseases, 

In a book of this aise there are bound to be parts somewhat loss satis¬ 
factory than others. In the descriptions of soma of the diseases, more 
especially virus and deficiency diseases, the authors have not always been 
able to appraise the relative importance of the various contributions to the 
literature in the way that on active worker in these subjects would have been 
able to do. For example, in the section on Grey Speck of Oats a number of 
rival theories arc recorded, and the student is left to judge for himself between 
them; also, there is no mention of some of the more significant chemical studies 
on factors governing the availability of manganese in the soil, which are all- 
important in determining the incidence of the disease in the field. Similarly, 
the section on the nature of viruses gives a very inadequate picture of the 
developmcmts of the last ten years and there is not even one electron micro¬ 
scope photograph of a virus. 

Those, however, are minor points in a book which will be a most valuable 
text for students as well os a useful reference work for practising plant patho¬ 
logists. 

G. QbAHAM SAXtTBlj. 


Advancea in Agronomy . Vol.I. EditedbyA.G.KoaMAN. -f 49S, 

with 19 figures.] (New York : Academic Press, Inc., 1949. 17^50.) 

AoBiouiyruBAL science covers so wide a field and trenches on so many otbwp 
branches of science that its students have considerable difficulty in keeping 
themselves informed of progress made outside their own Institutes* Tbe^ 
<iifficulty is mitigated for workers in the British Commonwealth by the 
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publioaiions of tho Ck>mmouw6alth Agrioultural Bureaux; nevertheless, 
short monographs by recognised experts are always welcome. 

The Amorioeun Society of Agronomy has sot out to supply this nood by a 
new series of volumes, which it may be hopod will become periodical. The 
Bditor is Dr. A. G. Norman, formerly of Birmingham University and Rotham- 
Bted, who has since had a distinguished career in the United States ; as might 
be expected he has done his task well and this volume will odd to his laurels. 
Hie contributors are all workers in North America ; twelve are in the United 
States and one in Canada ; the work roviewotl is largely American, but it is 
intended in later issues to cast the net more widely. Each contribution is a 
separate little monograph with a gocsl bibliogi^aphy. Some of the oliapters, 

those on soil inicro-organisms and plant roots, on clay minerals in soils 
and on fixation of soil phosphorus, wUl be of interost to many others besides 
agriculturists. 

Tlie recent Kothainsted work on soil micro-organisms and on the relation 
of the clover plant to the nodule organism could usefully have fomid a place, 
as could Drs. E. M. Crowther’s and F. Yates’s valuable discussions of fertiliser 
results and practices in this country. The fixation of phosphorus by the soil is 
well treated by L. A. Dean : it is of groat practical iinportanoe and costs the 
United Kingdom and North-Wtistom Euroj^ vast sums of money each year. 
Phosphatie fertilisers arc usod by our farmers in enormous quantities, yet barely 
a quai'ier of the added phosphorus roaches the plant; the rest is “ fixed ” by tho 
soil and remains useless so far as is known. R^ent knowle<lgo of the composi¬ 
tion and structure of clay gained by tho use of X-ray and other methods has 
revolutionised soil science : J. E, Giosoking sots out tho results clearly and 
illustrates them by means of diagrams. Tho confused mass of dat^a labori¬ 
ously accumulated in regard to ionic exchanges and replocoments is gradually 
being brought into order and thos<j who have not btnm able to follow recent 
literature will road this siunmary with interest. Wood control by chemical 
methods is described by A. G. Crafts and W. A. Harvey, who set out a 
good deal of tho present-day knowledge of this rapidly changing subject. 
Hitherto weed destruction has been effected by cultivation processes often 
costly and laborious : if it can really be done as well by spraying with 2-4 p 
(2 : 4^chlorophenoxyacotio acid) find similar chemicals, considerable changes 
in agncultiural procedure become possible. Tho basis of the method is that 
those substances are solootivo, killing some plants and not others : cereals 
are leas affected than some of the common weeds, e.g, charlock, that often 
accompany thorn. Spraying |s now widely done on contract, which is the 
safest way of carrying out so new an operation. More specialised oliapters 
deal with potatoes, lucerne and soya beans. The area under potatoes in tho 
United States has fallen, but yields hjwe increased so much that the total 
output has risen. ESngUsh readers will have some difficulty in following the 
results, as they are expressed in bushels and not tons per acre and nowhere 
is a conversion factor given ; adopting the usued value of 60 lb. per bushel 
the 1919-24 yields averaged 2*7 tons per acre and the 1943-48 yields 4*6 
tons per acre compared with the English average of 7*1 tons per acre. Wide 
difiEerences in cultivation and fertiliser prcKstioe account partly for the results, 
but climatic factors are probably those ohiefiy involved. 

The volume will be cordially welcomed by agricultural experts and its 
suoeessor will be awaited with intorast. 

E. JoHH Rtjssxauu 


3b 
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l!AtJ^oduotion to Soil Scimco. By G. W. Lsbpjsii* IdJSo. (Iktalb.). [Pp* 
viii 4- 222, with 12 plateci and 37 figures.] (Melbourne: Melbourne 
University Press, 1948 ; London : Cambridge University Press, 19ff0, 
21a. net.) 

This book is written to give a concise account of soil science and to do so 
primarily for Australians. So far as ono without direct contact with the soil 
problems of Australia can judge, the author renders good service to soil 
students in that Dominion, but the book certainly claims attention outside 
Australia and should be very valuable in all countries as an introduction to 
the subject. 

There are three parts. The first 64 pages describe the soil profile and 
the soil type, the classification of soils, the making of soil maps and the pro« 
cesses of soil formation. Good use is made of the soil survey work oairiad 
out in Australia and the distribution of Australian soils is olearly described. 
There is a brief but tiaeful referonoe to older methods of olpssification. 

Part 2, nearly 60 i>ages, deals with soil physics. There is an emphasis 
throughout on the physical conditions of soil in the field ; and this is 
important, for the study of the physics of soil material in the laboratory 
alone can lead one far away from a knowledge and understanding of field 
conditions. The difilcult subject of the movement of soil water is dealt with 
very well. 

Part 3, covering a little over 70 pages, deals with soil chemistry. It 
presents a good account of the constitution of the soil and of its roaoiton, 
and of the chemical activities of the constituents of soils and of those of 
fertilisers added to the soil. There is a useful ohapter on erosion. v 

Tlie appendix contains a diverse oolleotion of notes (many of them on 
practical matters of the field and the laboratory) which could not be intro<^ 
ducod into the text. 

The book is written in a good and attractive way, and it is well illustraUML 
The author does not hesitate to express a |X>rsonal opinion here and there, 
but does so without in any way obfuscating generally accepted views. The 
book should prove very useful, not only in Australia, wlier© it obviously has 
special value, but among soil students generally. 

N. M. O. 


Soils : Their Ph3r8ics and Chemistry. By A. N. Pori, D.Sc., Ph.D. 
[Pp. xviji 4 660, with 61 figures.] (New York ; Reinhold Publishing 
Corp. ; London : Chapman A Hall, Ltd., 1049. 66s. net.) 

This book is in three parts. Twenty-four chapters deal with the Chemistry 
of Soil, fifteen with the Mechanical Analysis of Soil and Seventeen with SoU 
Moisture. It gathers together a great deal of useful and valuable information 
and data which many soil students will bo glad to have. As a textbook fbr 
beginners and for the student of i^^culture (which the author tells us he 
intends it to be) it does, however, seem to lack pmpeotive^to give too tmwh 
detail and emphasis in dealing with some parts of the subject and to neglaet 
other parts. The description of apparatus and of meth^, and also some 
of'the tables, would be more appropriate in a laboratory manual than a 
toxtbook. 

Dr. Puri, while acknowledging equally important work hjr others^ 
States that he draws mostly upon his own 4rork ** to avoid oontroversial 
topics.** Henould well collect and publish, as such, his own very oonsl^oa*^ 
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»Ue researches, but it is dif^oult to see how one man’s work can be the basis 
for a textbook presentation, or why one man’s work should be difforontiated 
as non«contrQversiaJ. Moreover, the author tells us that facts have been 
stated and theories left in the background.” But could the subject be 
described in this way if, as is claimed, it is to bo shown as a science capable 
of yielding generalisations ? And if the book is essentially a statement of 
ikots, why does the author say that some scholars may disagree with his 
views t Theories aro not, in fact, avoided although generalisations ore apt 
to be obscured by practical and factual detail. 

Perhaps the moat important matter for a reviewer’s comment is the 
almost complete absence from this book of the study of the soil as a natural 
object, the differentiation of its parts under the influence of climate and of 
cultivation. The book really concerns the phjrsics and cheinistry of soil 
meUeruda —^not soils—and with this omission it ih diflicult to show, in accord¬ 
ance with the author’s claim, that soil scienco is an independent science as 
distinct from the haphazanl study of its materials. It is to be hojwnl that the 
pedologioal aspect of the subject can be developed in the future editions of a 
book which already xiresents a wealth of study of soil material. 

N. M. 0. 


PHYSIOLOGY AND BIOCHEMISTRY 

The Human Body and its Functions. By C. H. Bkst, C.B.E., M.D., 
D.So., F.R.S., and N. B. Tayixjb, V.D., M.D., P.R.S. (Canada). 
Second edition. [Pp. xii + 500, with 8 colour^ plates and 363 
figures.] (London : Chapman & Hall, Ltd., 1949. 18^. net.) 

This is an excellent elementary textbook of Human Physiology, lucidly 
written and attractively presented with a wealth of excc'llont illustrations and 
several colouretl plates. It is a scaled down version of tho somewhat larger 
voliune The Living Body by the same authors, wliich was itself derived from 
their monumental textbook of physiology for medical students. Tho present 
book will undoubtedly receive the warm welcome which it deserves from 
students in fields such os Nursing, Physio-Therapy and Physical Training, 
who need to acquire some knowledge of human physiology with the minimal 
grounding in the basic sciences. 

I must confess, however, that over and above its solid excellence as an 
elementary presentation of the facts of human physiology, I found it, as 
indeed I find the two larger volumes in this series, rather uninspiring. It is 
sound, nourishing stuff but it does not whet the intellectual appetite. There 
IS no oomparison, for instance, between it and Amberson and Smith’s Outline 
of Phyeiologyi which is just as elementary in general treatment, but quite 
fasoinatixig roadmg. Piurtly for this reason and partly because the general 
style of tho work is that of tho conventional textbook, I doubt whether it 
wfil, at any rate in this country, succeed in attracting tho class of reader for 
whom (says the dust-cover annoimcoment) it is primarily intended- -tho lay- 
man rather than the medical student. Writing about a highly technical 
subject, whether it be physiology, physios or any other soienoo, for the lay¬ 
man is an exceedingly difOkmlt thing to do successfully and it certainly cannot 
be done simply by producing an elementary textbook. From this point of 
view, the omission of all but passing references to the stories behind great 
dteKivertes, in which physiology abounds, is a serious defect, although no 
doubt dictated by considerations of space. 
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However, deepite these special oritioisms the book as it staaids is a first 
class elementary text for the many students who must aoqxiire a sound know 
ledge of modem physiology, but vdio do not intend to pursue the subjeo 
much further. 

Hcemoglobin. A Symposium based on a Conference held at Cambridge ii 
June 1948 in memory of Sir Joseph Baroroft. Editors : F. J. W 
Houghton and J. C. Kbndbkw. [Pp. xii -f 317, with frontispieo 
and numerous other illustrations.] (London : Butt^rworth’s Soientifii 
Publications, 1049. 40s. net.) 

Joseph Baborovt made great oontributions to many fields of mammaliai 
physiology, and the last years of his life were mainly devoted to the study o 
foetal metabolism and of ruminant nutrition. But probably his mos 
important oontributions were concerned with the respiratory function o 
blood and the proi)ertiea of luemoglobm, fields which will always be associates 
with his name. Barcroft's greatness showed itself in a directness of menta 
and experimental approach and this makes even now the reading of hi 
papers and books a delightful occupation. Barcroft's infiuenoe was fel 
widely beyond the circle of his students and collaborators. It was therefor 
fitting that tribute should be paid to his memory by holding an intomations 
conference on hcemogiobin. 

The book which is a record of tho proceedings of this conference is divida 
into two parts. The first part, relatively small in sia^o, contains eight persone 
and largely biographical appreciations of Sir Joseph Baroroft by form 
colleagues. Taken together they give a very good picture of Baroroft’ 
personality. One fools, however, that a more complete appreciation of hi 
contribution to physiology and a bibliography of his writings would no 
have been out of place. The second part of the book consists of twenty 
eight articlos on various aspects of the physios, tho physical chemistry an 
the biology of hiemoglobin and myoglobin. 

Tho variety of approaches and techniques described is an apt illustratio: 
of a general development in biochemistry cmd physiology. The almost eon 
plete separation of tho various sciences which was so characteristic of th 
Victorian and Edwardian era is breaking down and the tise of magneti 
methods or of electronic concepts in studios on hcBmoglobin is now goneriGdl; 
accepted as providing information of importance to the biologist, ^’ho use c 
such diverse methods renders frequent consultation and discussion betwee 
workers in different fields particularly desirable and emphasises the vale 
of conferences such as this on hsemoglobin. 

Many of tho contributions are concerned with a review or summary c 
work published elsewhere. But oven with stu^h papers the discussion i 
almost always illuminating and stimulating. Other papers contain mosU 
material hitherto unpublished. The stemdard of the individual contributioi] 
is almost universally hi^. Of particular interest is the work of Peruts an 
Kendrew on the X-ray crystallography of hsamoglobin and myoglobin reopen 
tively and tho general account given of the methods used for analysifi 
complex crystal structures by means of X‘>Faya. Other papers of gre6 
interest are those of Houghton and his oolleagties on the kinetics of tk 
combination of hfismoglobin with oxygen and carbon monoxide, papers o 
ammo-acid composition and on terminal amino groups by Tristram an 
banger respoctiveiy, and a number of contributions dealing With the Speotri 
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photometry of hflemoglobin and its dorivativos by Drabkin, Jope and othere. 
ratiling diseuases the eleotronio structure of the iron*porphyrin linkage and 
Wyman produces strong evidence for the thesis that the four hssms occur in 
pairs with strong interactions between members of the same pair and weaker 
interaction between membors of different pairs. 

The contribution of Rimington on the biosynthesis of hssm represents a 
stimulating speculation, though some of his detailed assumptions have not 
been verified by more recent experimental work. 

The book represents a most usehil and interesting survey of very 
many aspects of the propertios of haemoglobin. Tlio production is good and 
printing errors arc few. The authors and editors have rendered a useful 
service to the increasing number of scientists interested in the important 
field of ham proteins. A. Nkobbbotb. 

Biochemical Aspects of Genetics. Edited by R. T. Williams. BIo- 
chomicai Society Symposia, No. 4. [Pp. vi -f 60, witli 16 figures.] 
(Cambridge: at the University Press, 1960. 6s. not.) 

This symposium consists of seven contributions, together with £in intro¬ 
duction by Professor J. B. S. Haldane and a brief summary by Dr. A. 
Neuberger, The subjects treated cover a wide range, flower coloration 
(W. J. C. Lawrence), inborn metabolic errors (one paper from L. 8. Penrose 
and one from 0. Rimington), a comparison between the Induction of mutations 
by radiation and by chemical agents resixKstivoly (J. G. Carr), mutations in 
Neurospora and other organisms (D. G. Catchoside), the discussion of genetic 
relations inferred from tho biochemistry of bacteria and moulds (G. Ponto- 
oorvo) and a consideration of adaptive onssymes (J. Monod). 

In its purest form the principle of classical genetics is that characteristics 
of living organisms depend upon jiormaiient genes wln^h do not chango save 
by rare mutations but are normally only capable of various kinds of recom¬ 
bination and segregation. Soaio people ore very reluctant to hear of any 
changes in these fundamental entities. There can bo no doubt that ultimately 
the gone depends upon the molecular pattern of some part of tho cell, and to 
other people it seems that such patterns are quite likely to be modified 
according to the conditions under which cells grow. The scientifle problem 
would soem to be to establish by impartial experiments the xireeiso degree of 
stability in any given case of the solf-roproduoing units. General statements 
on the subjects of onviromnental effeota seem to arouse groat prejudice—and 
not only on one side. And yet the whole of this symposium shows how the 
different views merge into one another, and tliat, while a degree of pexmanonce 
in the fundamental structures is quite obvious from the mere fact that 
organisms reproduce their own kind, all kinds of subtle influences are at work 
to modify the absolute rigidity of this principle. 

In thm contributions there is at times a manifest desire to subscribe to 
the simple principle of one gene one enayme,** or one biochemical function, 
but at the same time there emerges a clear—if not always explicit—^recog¬ 
nition that this would be a rather gross oversimplifleation of tho position. 
Inbom errors of metabolism have been ascribed to homozygous recessive 
genes. But in the contribution by L. S. Penrose we find the observation. 

In the more variable conditions with incomplete mcuiifestation or late onset 
we can suppose .,. that the failure of the necessary enzyme subetanoe is only 
partial and that often the number of the steps in the causal chain between 
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gene and obdervad chemical e8bot is much gree^r/* D. Q. Oatohasidc 
remarks, ** Wo can know about a gene only at the second or third degre^ 
removed, by what it does and by what alterations occur when a gene alters*** 
Much 6paoe is devoted to chemically induced mutations which, whatever else 
may be said of them, remove the gene from the category of tho etcmal and 
unchangeable*—andin this conneotion it is a pity that nothing w€U9i said about 
the relation between mutation and antibody formation (discussed elsewhere 
by Medawar). J. Monod remarks, **The oocurrenoe of this phenomenon, 
generally referred to as ensymio adaptation, would seem to imply that certain 
types at least of specific molecules are produced only or mainly in response 
to a specific chemical stimulus, the agent of which is no other than the sub- 
strate of their activity.” Ho says that he has studied the subject, alter¬ 
nating between enthusiasm and suspicion.** One wonders why either emotion 
is neressary. Is not the truth something like tho following : that relatively 
stable struotuj'es become reproduced in living colls by comoiex patterns of 
reactions in whicli the individual velocity constants 'are subject to profound 
changes? These changes can fairly easily alter the relative proportions of the 
difforent structures and so afibct biochemical propi^rtios. To produce changes, 
however, which are profoimd enough to impress tho syatematist, the chemical 
changes must be quite drastic and are very rare indeed. When repro¬ 
duction of colls occurs by simple division, changes in enzyme proportions, 
environmental effects or destructive actions oh t ho key structures oaused by 
ultra-violet light an<l chemiccds are important reasons for variations in pro¬ 
perties within the limits of an essential conformity to type. Whore ropro^ 
duotion does not occur without chromosome moohanisms, changes due to 
segregation of important (and in a first approximation permanent) basic 
structures arc more likely to dominate the picture. 

Against this backgroimd the many intenisting facts and views put forward 
in this symposium can bo regarded dispassionately, and indeed a keynote of 
impartiality is struck by Prof. Haldane's (all too brief) introduotion. Most 
of the work described should be of great interest both to chemists and to 
biologists. 

C. N. H- 


Vitamins and Hormones. Vol. VXI. Edited by Robmbx S. Harius 
and Kkknbth V. Thimann. [Pp. xii -h 488, with 50 figures.) (New 
York: Aoademio Press, Ino., 1949. 58s. 6d. net.) 

In this, the seventh volume of tho series, are included seven articles on the 
subject of Vitamios and five on Hormones. The titles and authors are as 
follows: ” Vitamin P,” by Harold Scarborough and A. L« Baoharaoh : 
” Stereoisomcrio Provitamins A,” by L. Zochmeister; “ The Physiology of 
Thiamine,** by B. G. P. Jansen ; ” Niacin in Amino Acid Mictalsoliam,** by 
W. A. Krehl; ” Diet and Ageing,** by dive M. McCay; ** The Vitamin 
Requirements of tho Growing Bat,** by B. A. Brown and M. SturtSvant^f 
” Vitamin Requirements of the Guinea Pig,** by Q. J. Maimermg f ** Tbs’ 
Chemistry of Gonadotropic Hormones,*’ by Choh Hao Li; ** The Ohemistiy. 
and Physiology of Adenohypophyseal Lutootropin (Prolactin),** by Abraham 
White; ” In&a-rcd Spectrometry Applied to Steroid Structure a nd 

Metabolism,** by Norman Jones and Konrad Dobidner; **AUoxi4t)i 
Diabetes,” by 0. Cabell Bailey ; ” The Chemistry of the Hormones of the' 
Posterior lA>be of the Pituitary Gland,” by R. L. Stehle ; ” Tlie Aetioiis of 
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the Sormonea of the Posterior Lobe of the Pituitary Qlan4 upon the Ciroula- 
ti6» and the Secretion of Urine/* by R. L. Stehle. 

The articles oonooming the vitamin requirements of the growing rat emd 
of the guinea pig compluto the sorios of 8 iirve 3 ^ of the nutritional require¬ 
ments of the more important laboratory animals, the requirements for 
primates other than man, chick and mouse, cotton-rats and hamsters having 
been reviewed in previous volumes. This series of articles will bo of very 
great value and interest to laboratory workers of many kinds. 

The article on ** Vitamin P ** discusses in a lucid manner the very tangled 
skein which has wound itself around the original interesting observation, of 
Armentano and his colleagues, that oertain fruit extracts contained a factor, 
not ascorbic acid, that can increase capillary strength and reduce capillary 
permeability in man. While undoubtedly results of significanoo have boon 
obtained, both clinically and in experimental animals, it still romaias to bo 
shown that such biologiciU ofteots are those of a vitamin. The reviewers 
oonolude that much of the recent work has employed doses whoso size 
suggest a pharmacological action rather than that of a vitamin. 

The artiolo on the “ Physiology of Thiamine,** by B. 0. P. Jansen, will bo 
welcomed as one by the patriarch of this field. Tlie review is, as one would 
expect, written authoritatively and clearly, and is a valuable statement by 
the acknowledged leader in this field. 

Diet and agoing is a subject of great interest now that gerontology and 
geriatrics are of such signiflcanco in our changing life, and the review, by 
Dr. C, M. McKay, again is written by one who has himself supplied much of 
the original data on whioh oiu* experimental knowledge is based. 

On the question of Hormones, the article on the “ Chemistry of Gonado¬ 
tropic Hormones *’ by C. H. Li contains some original material of particular 
interest, and discusses with assiduity and judgment a subject that has at 
times been the most confusing in the whole hormone held. 

The “ Chemistry and Physiology of Prolactin *’ are ably discussed by 
A. White, while the review on ** Infra-red »Spoctrometry of the Steroids,” 
by Norman Jones and Conrad Dobriner, provides valuable new information 
and is also an extremely readable, but ooncise, summary of Work on a 
method which is becoming of increasing vivlue in the held of hormones. 

** Alloxan Diabetes ** is oonsidorod in a remarkably oonoiso summary by 
Dr. C. 0. Bailey, while hnally the ” Chemistry of the Hormones of the Posterior 
Lobe of the Pituitary Gland ” from the pen of Dr. R. L. Stehle is of out¬ 
standing thorouglmess and completeness. 

It may bo said of this volume as a whole that it maintains the high standard 
set by the previous volumes and will be a necessity for the library of those 
Working on the subject of vitamins and hormones. The editors express a 
hope in the preface that the present volume will be found as useful as its 
predecessors, and of this there con be no possible doubt. 

F. G. Y. 


JPCDOLOSOPHY AI<n;> HISTORY OF SCIENCE 

Tl&e Power and Idmita of Soienoe. By £. F. Calpin, MA. [Pp. x + 
196.] (London: Chapman & HaJl, Ltd., 1949. 12s. Od. net.) 

Mb. Caxa>ik’s aim in this book is to rca^Jh ^ view of aoicnce and of its place 
other mental activities. He finds that our evidence about the world 
pomes from experience, with whioh reason can deal in difrerent ways ; science 
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is one of thorn. Tlio ** method of science is distinguished by its “ subje^ 
matter ** and its “ point of view,’* These impose certain restrictions on It, 
and for complete knowledge it must be supplemented by other studies such 
as metaphysics, ethics, etc. Broadly speaking, the method of science is 
“inductive generalisation/’ and that of the other approaches to truth is 
“ reflection.” 

Mr, Caldin writes clearly and says a number of well-known things very 
well, but one flnds little evidence of more than superficial thought on the 
questions with which ho deals* He repeatedly tells us, for example, that the 
subject matter of physics is “ inanimate matter,” which is profoundly 
inacoiirate. If he wore thrown over a cliff he would fall according to the 
physical law, although he might not become inanimate until he reached the 
ground. Biology is said to have a cliffeiwit ” mothfxi ” from physios, but 
how this (false) conclusion is reached is not clear. Again, what is the 
” reflection ” by which we can roach metaphysical and <^thical trutl^ T 
Suppose, as is the case, that the reflections of different people lead to different 
conclusions : what is the method of deciding between them ? This question 
is not touched, yet “ reflection ” is placed on a par with ” soientifle method,” 
One might continue with such questions. 

The trouble seems to be that Mr, Caldin has given too much time to 
reflection and too little to reading. “ It is strange,” he H&ya in the preface, 
“ that men do not more often examine the method of soionce, its field of work 
and point of view, in order to see what kind of knowledge it can in principle 
give us, and whether we must oonstilt other sources.” It is stranger still 
that, before writing this, he did not read more of what they have written. 
Although, apparently contra^licting this statement, he gives a bibliography 
of 121 items (mcluding some repetitions) and remarks that ” many works of 
the first importance are omitted,” one flnds no Tnention at all of such names 
as Benjamin, Bridgman, Duhom, Frank, George, Jeffreys, Lenxen, Mach, 
Northrop, Pearson, Popper, Keichenbach, B. Russell, Schlick, in either index 
or bibliography, although their works, and those of several others that oould 
be mentioned, are more to the point than many of the references cited. Con¬ 
sequently it is diiiicult to see what kind of reader would benefit from the 
book, for those who are sufliciontly acquainted with the subject to avoid 
being misled by its imperfections will be already quite familiar with its sound 
points. This is a pity, for Mr. Caldin has evidently given much thought to 
the book and lias the faculty of expressing his meaning isimply and 
unambiguously, 

H. D. 


The Growth of Scientific Ideas. By WxtLUM P. D. WiamcuAN^ 
M.8c., Ph.D. [Pp. xii -f 495, with 48 figures, inohiding 8 plates.] 
(Edinburgh : Oliver A Boyd, Lid., 1960. 25s. net.) 

Tbzs book is an attempt to introduce the well-grounded general reader to the 
history of science through a discussion of the dominant soientifle ideas an 
they have developed and interaoted through the ages. WhUe not claiming 
to be a comprehensive history, it does, in fact, contain much informarion* 
clearly aet out, oonoeming the growth of both physioifl and biological science^ 
The book is divided into two parts, of which the first, ocoup 3 ring two* 
thirds of the total length and entitled “ Matter and Motion/* aaw s sos the 
impUcationB and consequences of such developmrsits as the Oopendoah 
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revolution^ the invention of the telescope, the formulation of the laws of 
meohanios, and the rise of the wave-theory of light and of modem views on 
matter and energy. The author hopes that, through the critical study of 
the history of soionco, our school textbooks of physios will at last be freed 
from the confusion of ideas which has persisted from the age of Newton- 
The second and shorter section, on “ Nature and Life,’* deals with the growth 
from classical antiquity of anatomy and physiology ; also with classifrcatlon, 
the Cell Theory, evolution, bacteriology and much else besides. 

Dr. Wightman believes that the present conflict in the scholastic world 
between classical and tcMshnological ideals can bo most happily resolved by 
centring education upon the theme of science conceived as on historical and 
purposive human activity. His book is a notable contribution to the fulfil¬ 
ment of this aim. It is a work of scholarship, the fruit of wide reading and 
ripe consideration ; it succeeds in re-creating for the reader ways of thought 
no longer familiar, and it does not over-omphasise the political implications of 
the subject which obsess some able minds today. Tlie illustrations are well 
chosen, and there are useful bibliographies and a chronological table. 

There are a few points in the text calling for consideration. Copernicus 
was not a monk (p. 44); “ Frauonhofer ” (pp. 255 ff.) is more usually spelt, as 
in the index, “ Fraunhofer ” ; and the word “ not ” on page 316 (Imo 8 ) 
should more probably n^ad “ now.” Accents are occoHionally dropped from 
the Greek Words quoted. 

A. A. 


MISCEliLANEOUS 

The Sea and its Myaterlee : An Introduction to the Science of the 

Sea. By John S. Colman. [Pp. 285, with coloured frontispiece, 
16 plates, 36 figures and 1 folding map.] (London : Q. Bell & Sons, 
Ltd., 1950. I2a, Qd, net.) 

Thb progress of the sciences is rapid and continuous and thoro was nood for a 
new and up-to-date book on the science of the sea. Few more competent 
than John S. Colman could have been found to write it. The Sea and He 
Myffteriee sots forth and discusses, in a semi-popular but nevertheless oociuato 
and sound manner, the general principles, methods and findings of the 
marine soienoos. 

It ranges over a wide field from the “ shape of the sea ” to ” life in the 
depths,” from the formation of coral roefe to a general survey of ocoano- 
grapliioal and marine biological research. Throughout all tliis diversity of 
(subject matter the author maintains an easy and readable style that will 
prove attractive to both amateur and specialist readers. In short, this is 
a first-class book with few fsMilts that cannot easily be corrected in a future 
edition. 

G. A. Stbvbn. 


Sclonco News 16. Edited by J. L. Cbahmbb. [Pp. 176, with 16 plates 
and 37 figures.] (Harmondsworth; Penguin Books, Ltd., 1950. 
Is, 6(i, net.) 

Th» variety of topics which the present number of Science Netue covers 
precludes any systematic review, and so a sorios of stimulating and enter- 
t aftdng articled, including the second part of Prof. Hartridge’a paper on 
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** Hunruan Colour Vision,^* and ranging fifom ** Making Chomlo^ from PetrO'* 
leum/’ in which C* L. Gilbert o^ra a valuable introduction to one of the 
major branchee of chemical enginaering» to ** A Theory of Chess and Noughts 
and CroBsos/’ by D. W. Davies, whose essay in applied mathomatics has a 
clarity which must appeal even to thoso who feel that rational pkty ** can 
scarcely be play of any sort, must all be passed over without further comment. 

In the first article of the volume, “ Recent Work on Mesons,*’ Terenoe 
Price writes closely to liis title, and in doing so invites criticism on two scores. 
In the first place, his subject is notable as one in which broad ideas, relevant 
to the whole structure of physical science, are developing rapidly. The 
general appreciation of the situation mxist surely be the goal of the average 
reader, but he will find the task of getting there for himself, from the strictly 
limited experimental topics about which Mr. Price writes, extraordinarily 
difficult. Secondly, what exactly has the writer in mind when he states 
tliat the Borkoloy cyclotron is an instrument capable of producing 

mesons for research in numbers one himdrod million times greater than those 
available in cosmic rays ** ? One of the interesting problems of the application 
of maohinos such as Mr. Price describes, and the much larger ones now under 
development, is precisely that of making at all efficient use of the nominid 
particle output. Mr. Price himself shows how many of the experiments 
already undertaken with low energy artificial mesons are teohnioaliy limited, 
in exactly the same way as are oomparablo cosmic ray experiments, by the 
necessity of working up individual photographic emulsion records. In the 
present simple experiments this limitation does not invariably intervene, but 
it seems likely that, when the more energetic meson processes are brought 
into the scope of artificial bombarding particles, more than ever it will be 
necessary to return to the detailed analysis of records of single encounters, 
for example in photographic emulsions. Of course there has been worth-while 
gain wherever it has proved possible to work with artificial particles, but the 
cuivantago is much more often ten or perhaps a hundred times less than the 
astronomical figure which is suggested here. 

J. G. WlLSOK. 

The Scientific Journal of the Royal College of Science, Vol. XIX» 
1949. [Pp, vi + 163, with 42 figures.] (Paper covers, 7s. 6<f. net ; 
cloth, 10s. net.) 

This entertaining volume contains a selection of the papers read before the 
Natural History Society and the Mathematical and Physical Society of the 
Royal College of Science, and the Imperial College Chemical Society. If yon 
are interest^ in vitamins or visual research, phosphorus compounds or photor 
graphic emulsions, in electrochemical research or the scientific study of 
European witchcraft, here are to be found summaries of the most teoent 
research and expositions of contemporary ideas. If you are npt alread]^ 
interested in these topics, or in snails and slugs, in spiders, in the impnot of 
modem physics on the Christian faith, in non-Euefiidean geometry, or^how 
chemically inert substanoes may influence the actum of drugs-^then be 
astured that^our curiosity will inevitably be aroused, for in these brief ana 
varied {;apers the subject matter is invariably well-chosen apd presented in 
a way which is edways clear, often masterful and sometimes even exciting, 
It is especially fitting that the book opens with a brief appreciation of Sir Isn 
Heilbron which contrives to paint a vivid picture of the great SilftentiSt^ 
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teacher and administrator who did so much to foster research at tho Koyal 
Ooll^ of Science while he occupied its Chair of Organic Chemistry* 

H. L 

A List of British Scientific Publications reporting Original Work 
or Critical Reviews. The Royal Society Information Services 
Committee. [Pp. 96.] (London: Cambridge University Press, for 
the Rroyal Society, 1960. 2s. 6d. not.) 

Thb Royal Society, in issuing this valuable booklet, has restricted tho range 
to scientiho publications as distinct from trade papers, news journals and 
publications of Government deportments. The criterion for inclusion is 
whether the journal contains “ a substantial proportion of original work or 
critical reviews.” Even with this limitation no loss than 212 publications 
are described. The information is given in alpliabotical order of publishing 
societies or oi’gfltfiisations, with an index of tho names of tho journals and a 
subject index. Eiush entry includes a description of the content of tho journal, 
what iiuioxi's are issued, the frequency of publication and tho price, the 
voltmie number, the number and size of pages i^ each issue, whether sum¬ 
maries of the papers are included, if advertisement s are acet^pkHi, where and 
how directions to autliors may bo obtained, and the addrossas of the editor 
and of tho publishing organisation. 

From a reading of the introduction, it is apparent that the booklet is 
somewliat experimental, and criticism is expected. In such a list, one should 
not neeil to consult the index to find a particular journal, or alternatively 
have previous knowledge or ” sec'ond sight that, for example, tho British 
JimmeU of Cancer is published by Messrs. H. K. Lewis. Tlie value of the 
brochure would bo enhanced by roarrangeraont of tho contents to give an 
alphabetical list of journals, with indexes of soiontific societies and publishing 
organisations. In spite of the drawback mentioned, the b/ook is a veritaVile 
mine of information concerning scientific periodicals, and the Royal Society 
deserves the thanks of the community for undertaking such a labour of love. 
May we hope that it will be followed by a comiianion volume containing 
similar information oonoeroing scientiiio nows joiuirials, trade publications 
and those of Government departments ? 

H. S. Rookk. 

English Index to Soviet Medical Periodicals available in London 
Libraries. Voh I, 1946-1947. Edited by Donovan T. RiohnkIiL, 
B.A., F.L.A. [Pp. xii + 93.] (London: H. K. Lewis <fe Co., Ltd., 
1950. 208. net.) 

With port of tho residuum of the funds of the Joint Committee for Soviet 
Aidt the Medical Committee of the Society for Cultural Relations with the 
U.S.SJEI. has sponsored the production of this index. 

The form of the entries is based on that adopted by the Index Medicua^ 
to which it is complementary. 

The present volume covers eighteen important Soviet Medical Journals 
issued betwew 1945 and 1947 wliioh are located in four London libraries. 
The precise location of particular numbers is stated in Section IV of the 
introduction. It is understood that the Library of the Royal Society of 
Uedicine can be approached for miorophotographio copies of the articles 
h$ted in the index. 
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It is hoped that an additional Volume oovoring the years. 1948-49 will 
publiahed later this year and subsequently annual issues if the publication 
receives adequate support. 

Even before 1039, Soviet medical literature was never fully indexed for 
the English-speaking world. The World List of Scientific Periodicale 1900^ 
1933 merely listed the indigenous name of the Bussian Journals without 
indicating in numerous oases library sources. Neither the Index Medicua 
nor the Current List of Medical Literature has been able to oover Soviet 
literature since 1945. 

Although the present list of journals is not as complete as one would 
like, the sponsors are to be congratulated on a praiseworthy attempt and on 
the presentation. The pages reflect credit on the editor and the printer 
alike. Its uniqueness will make it indispensable in any worthwliile Medical 
Library. 

C. 0. N. V. 
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